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Submission of Original Contributions 
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chemistry, whether theoretical or practical, analytical 
or synthetic, physical or biological. Tetrahedron 
publishes articles in English, French and German, but 
will arrange to have papers submitted in any other 
language translated by Pergamon Institute into English. 
They should be submitted for publication to the 
appropriate Honorary Regional Editor or, in cases of 
contributions emanating from areas not so covered, to 
the Executive Editor 
Professor William Doering (for the Western Hemi- 
sphere), 1901-A Yale Station, New Haven, Connecti- 
cut, U.S.A. 
Professor R. H. Martin (contributions in the French 
language), Laboratoires de Chimie Organique, 
Université Libre de Bruxelles, 50 Ave. F. D. Roose- 
velt, Brussels, Belgium 
Professor A. N. Nesmeyanov (for the U.S.S.R. and 
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Technische Hochschule, Miinchen 2, Germany 
Note: The contents of papers shall be the sole responsi- 
bility of the authors and publication shall not imply the 
concurrence of editors or publishers. 


Form of Contributions 

Manuscripts should be submitted in duplicate, double- 
spaced typescript. Contributions should be prepared 
in the form generally accepted for publication in the 
national journals. Papers should include an abstract in 
which the essential contents are briefly recapitulated. 
The abstract should be in the language of the paper, but 
for French or German papers an English version should 
also be provided. On the basis of originality, significance 
and breadth of interest to an international! audience, 
papers are of the usual form reporting the result of 
Original work. Tetrahedron offers an author the 
opportunity of including a longer review of his own 
published work, particularly if the paper represents the 
completion of a phase of a larger investigation 
Preliminary Communications are invited. An immediate 
decision on the acceptability of such contributions will 
be made by the receiving Editor, and publication in 
the next available issue is assured 

Preliminary Communications should now be submitted 
to Tetrahedron Letters 


Preparation of Manuscript 

Typographical correctness in the printing proofs is better 
assured by following the suggestions below in regard to 
mathematica! expressions and other formulae 

Letters to be set in Greek type should be clearly 
indicated 

Confusion between the letter / and the numeral! | when 
standing alone can be avoided by looping the letter / 
when typewritten. Similar differentiation between the 
O (or o) and zero 0 is advisable 

Subscripts and superscripts should be clearly indicated 
Primes (as p’) should be written or identified so that 
they will not be interpreted as the superior figure | (p") 
In general, equations and formulae should be clearly 
and carefully written, taking care to have all figures and 
symbols, especially in fractions and equations, in the 
alignment in which they are to be printed. It would be 
helpful to have a third set of structural formulae 
attached. 

Nomenclature following the 1.U.P.A.C. Commission 
rules will always be accepted without modification. 
Otherwise the Editor's function in these matters will be 
advisory in nature. 


NOTES FOR CONTRIBUTORS 


Figures and illustrations should be separate from the 
typescript of the paper and should be clearly identified 
on the back by the author's name, the abbreviated title 
of the paper and the figure number. Legends should 
also be typed on a separate sheet. Line drawings which 
require re-drawing should include all relevant details and 
clear instructions for the draughtsman. If figures are 
already well drawn, it may be possible to reproduce 
them directly from the originals, or from good photo- 
prints (preferably twice the size of the final published 
figure) if these can be provided. It is not possible to 
reproduce from prints with weak lines. Illustrations for 
reproductions should normally be about twice the 
final size required and the lettering and figures on them 
should be large enough to be clear when so reduced. 
Photographs should be included only where they are 
absolutely essential. The following standard symbols 
should be used on line drawings since they are easily 
available to the printers: 
BS? @ 

Tables should be so constructed as to be intelligible 
without reference to the text. Every table and column 
should be provided with an explanatory heading. Units 
of measure must always be clearly indicated. The same 
data should not be reproduced in both tables and 
figures 
References and footnotes should be numbered con- 
secutively in the text and should be inserted immediately 
tollowing their first introduction. Full references should 
be given as numbered footnotes, containing the names 
of all the authors, preceded by initials, title of journal 
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Tetrahedron practice), volume number, first page 
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Abbreviations are used freely in Tetrahedron, particularly 
in setting the experimental section. For the most part 
these are not followed by a full stop (period). Among 
the more commonly used abbreviations, these may be 
listed 
g kg mm cm mi cc cm® sec min hr 
25° (without C which is always understood) but 
m.p., b.p., 1. (litre), in. (inch) but in* 
New compounds should be indicated by underlining the 
name (for italics) at its first mention (including headings) 
in the experimental section only, and by giving analytical 
results in the form: (Found: C, 62°9; H, 5-4, 
CyHyO,N requires: C, 63:2; H 
Analytical results for compounds which have previously 
been adequately described in the literature should be 
(Found: C, 62°9; H, 5-4. Cale. for 
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63:2; H, 53%). The punctuation 


CyHyON: C, 
should be noted. 


Proofs and Reprints 
Proofs will be sent to authors for correction when their 
contribution is first set, but there is rarely time for page 
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however, where the amount of alteration makes it 
advisable. Proofs of text, and illustrations which cannot 
be set in type, will not be received simultancously. 
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FOREWORD 


THE papers collected in this Symposium Issue are devoted 
to new reactions and new classes of organic compounds. 
This general area of chemistry, while certainly not neglected 
in the past, has received added impetus in recent years. As 
will be seen in the accompanying papers, this progress has 
been aided by an increased understanding of reaction 
mechanisms and the appearance of new chemical tools. 
However, the unglamorous test-tube and unbridled imagina- 
tion remain the organic chemist’s mainstay. 

The writer wishes to thank those who so generously 
contributed their work to this issue. 


M. F. HAWTHORNE 
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DIPHENYL-NITRILIMIN UND SEINE 1.3-DIPOLAREN 
ADDITIONEN AN ALKENE UND ALKINE* 


Huis EN, MICHAEI 


ROL! 


Zusammenfassung — Das “ cht bekannte Diphe trilimin wird durch N,-Abspaltung aus 


2.5-Diy yl bei 160° oder B dn bei 20—80 


Abstract 


,< 


DIPOLARE ADDITIONEN UND NITRILIMINI 


ein freies Elektr nenpaar verfugt. Dieser |.3-Dipo/ kann sich in einem Mehrzentren- 
prozess mit einem Mehrfachbindungssystem d-e, dem sog. Dipolaro; , unter 


cyclischer Elektronenverschiebung zu einem fiinfgliedrigen Ring vereinigen. wobei die 


rii 
Formalladungen geléscht werden 


Der 1.3-Dipol—wir beschranken uns hier auf den sogar weniger haufigen Typ. 


der im “ausgefalteten” Zustand I eine Doppelbindung trigt—ist nur dann eine 


Stabile Verbindung, wenn ein freies Elektronenpaar am mittleren Atom b eine 
Mesomerie mit einer All-Oktett-Grenzformel II erméglicht 
Wenn a und b ein Kohlenstoff- bzw. Stickstoffatom 


‘n wir die Klasse det 


3-Dino 


* I. Mitt 


Aus der Dissert ve < 
Aus der Diy beit G. W ch, I rsit M n, 1959 


uber 


Aus der Diplomarbeit H. K er, Universitat M n, 1960 
*R. Huisgen, Theore CA nd ray he Vortrag bei der Zel ahresfeier des Fonds 
der Chemischen Industrie, Diisseldorf, (1960); R. Huisgen, Proc. Chem. Si im Druck 


und HANS KNUPFER® 
: ce! Institut fur Organische Ch e der Universitat M hen 
. (Received 23 January 1961) 
\ 
b .3-Diphe Die Addukte an 34 A male O te Doppel 
bindunse Ketene. D ( neen und 
) k | Mit N Ad ind Ger 
I ing Onient ‘ role B Che sd 1 .3-Dips rer A dditior 
: j cheint von steriscne KCT [ ti 1 werden ais Vol 
polaren Substituc clickt 
a — Thx ther scribed diy available by « ation of N, from 
(nor | 7 L 
a lit Ihe dire sc st enced more st mn DY electri 
IN den letzten 3 Jahren wurde die 1.3-Dipolare Addition als in weiten Grenzen 
veraligemeinerbare Reaktion hinsi icn Mechanismu und praparatl syntinetuscher 
Bed utung untersucht jungst \ irde carubder! In Vort ivel fusamii nfassend 
berichtet.4 Als 1.3-Dipol sei eine Verbindung a-b-c definiert, die an positiven 
Ladungszentrum 1 em Elektronensextett b an nior hen Zent h r 
|) are Additionen 
a 


Route HuisGen, Micuaet Semer, GUNTER WALLBILLICH und HANs KNUPFER 


Nitrilium-betaine vor uns; als anionische Endgruppe c kommen innerhalb der ersten 
Periode Kohlenstoff. Stickstoff und Sauerstoff in Frage. Das erste der sich so 
ergebenden drei Systeme ist das der Nitril-ylide III, die kiirzlich zugiinglich gemacht 
und 1.3-Dipolaren Additionen zugefiihrt wurden.’ Das dritte enthilt die seit fast 70 
Jahren bekannten Nitriloxyde [V.°. Vom zweiten System, den Nitril-iminen, soll im 


folgenden die Rede sein 


Vv 


Das Grundglied der Reihe, das sog. /sodiazomethan (V), war das einzige beschrie- 
bene Nitrilimin: es wurde von Miiller durch Hydrolyse des explosiven Diazomethyl- 
lithiums erhalten.? Die Synthese eignet sich nur zur Bereitung bescheidener Mengen 
und versagt schon beim nachsten Glied, dem Isodiazoithan.” Auf zwei Wegen 
haben wir inzwischen eine Vielfalt von aromatisch und aliphatisch substituierten 
Derivaten dargestellt. Deren enge reaktive Bezichung zu den Nitrilium-betainen ill 
und IV scheint uns die Umtaufe der “Isodiazoverbindungen” in Nitril-imine zu 
rechtfertigen 

Da sich V unter Alkalikatalyse weitgehend in Diazomethan umlagert, ist V das 
energiereichere Isomere. Im Gegensatz zu den isolierbaren und leidlich stabilen 
Diazoalkanen vermochten wir die aryl- oder alkylsubstituierten Nitrilimine nicht in 
Substanz zu fassen. Die chemischen Eigenschaften wurden mittels Reaktionen in situ 
studiert. Die Nitrilimine zeigen in der |.3-Dipolaren Addition ein breites Band von 
Moclichkeiten. Neben den hier beschriebenen Alkenen und Alkinen fanden wir auch 
Mehrfachbindungessysteme mit Heteroatom als Dipolarophile geeignet Nitrile, 


Azomethine, Isocyanate, Senféle, Aldehyde und Thioketone’*. Die Beschrinkung 


auf das Diphenyl-nitrilimin als den meistuntersuchten Vertreter soll im folgenden die 


Ubersicht erleichtern. 


B. WEGE ZUM DIPHENYL-NITRILIMIN UND ANLAGERUNG 
AN GESPANNTE DOPPELBINDUNGEN 


Bei 150-160° bricht der aromatische Kern des 2.5-Diphenyltetrazols (V1) auf; 
unter Abgabe von N, entsteht das Diphenylnitrilimin VII,” das sich leicht mit 


Verbindungen HX vereinigt; als HX vermégen Amine, Alkohole, Phenole, Thio- 


phenole und Carbonsidiuren zu fungieren."® 


R. Huisgen. H. Stanel und H. J. Sturm, unveréffentl.; kurze Erwahnung 


* A. Werner und H. Buss, Ber. Dtsch. Chem. Ges. 27, 2193 (1894) 
7 E. Miller und W. Kreutzmann, Liebigs Ann. 512, 264 (1934); E. Miller und D. Ludsteck, Chem. Ber. 
87, 1887 (1954); 88, 921 (1955) 
* FE. Miller und W. Rundel, Chem. Ber. 89, 1065 (1956) 
* Voriduf. Mitt.: R. Huisgen, M. Seidel, J. Sauer, J. W. McFarland und G. Wallbillich, J. Org. Chem. 24, 
892 (1959); R. Huisgen, Angew. Chem. 72, 359 (1960) 
1° R. Huisgen und M. Seidel, Chem. Ber. 94, im Druck (1961) 
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Diphenyl-nitrilimin und seine | 3-Dipolaren Additionen an Alkene und Alkine 


Vi Vil 


Die zwei All-Oktett-Grenzformeln VII a und b bestimmen wohl am starksten den 
Grundzustand des Diphenylnitrilimins. Drei weitere Grenzformeln (VII, c-e) besitzen 
je ein Elektronensextett, sind also energiereicher. Das Azocarben Vlle ist die einzige 
Struktur ohne Formalladungen. Hinzu kommen natiirlich Grenzformeln, in denen die 


N 


Vi 

Substituenten eine oder beide Formalladungen iibernommen haben. Bei den HX- 
Additionen sucht die nucleophile Gruppe immer den Kohlenstoff von VI auf; Formel 
Vilc vermag daher als Symbol der Reaktivitaét zu dienen.* 

Beim Zerfall des 2.5-Diphenyl-tetrazols in Dicyclopentadien bei 160° (Arbeitsweise 
A) lagerte sich VII an die Doppelbindung des Briickenringsystems an, wobei ein 
kristallines | :1-Addukt X in einer Ausbeute von 68%, (bezogen auf V1) erhalten wurde. 
Die Doppelbindung des Bicyclo-[2.2.1]-hept-2-en-Systems ist bekanntlich winkelge- 
spannt™ und zeigt ihre hohe Additionsbereitschaft u.a. gegeniiber Phenylazid;" diese 
Bildung von Triazolinen bietet ebenfalls ein Beispiel fiir 1.3-Dipolare Additionen. 

Die relativ hohe Temperatur der Freisetzung des Diphenylnitrilimins aus VI erlegt 
Beschrankungen in der Auswahl der Dipolarophilen auf. Solche mit Siedepunkt unter 
160° lassen sich allenfalls im Druckgefiss umsetzen; die Stabilitét des Dipolarophils 
bei dieser Temperatur ist stets Voraussetzung. In der Reaktion des Benzphenyl- 
hydrazid-chlorids VAI mit Triathylamin in Benzol bei Raumtemperatur fanden wir 
eine ergiebige Quelle fiir VII, die frei von den obenerwahnten Nachteilen ist. In 
Gegenwart von 4.6 Aquival. Dicyclopentadien isolierten wir das gleiche 1 :1-Addukt 
X in 83% Ausbeute. Die Abscheidung des Triaithylammonium-chlorids setzte 
wenige Sekunden nach Zugabe des Triathylamins ein und war nach einigen Stunden 
abgeschlossen. 

C.H C,H, 


vill (C,H.), NH CL 


Die Resultate mit einigen weiteren Bicyclo-[2.2.1]-hepten-Derivaten als Dipolaro- 


philen finden sich in Tabelle 1. Hier wie in den meisten Versuchen der Tabellen 2-5 


* Wir wahlen den Begriff “Symbol’’, um der unzuldssigen Gleichsetzung einer mesomeren Grenzformel 
mit einer Reaktionsformel vorzubeugen 
Die Hydrierungswairme des Bicyclo-[2.2.1!-heptens ist um 6 kcal héher als die des Cyclohexens und 
iibertrifft die des Cycloheptens gar um 7 kcal: R. B. Turner, W. R. Meador und R. E. Winkler, J. Amer. 
Chem. Soc. 79, 4116 (1957) 
2K. Alder, G. Stein und H Finzenhagen, Liebigs Ann. 485, 211 (1931); K. Alder, G. Stein und W. 
Friedrichsen, /bid. 501, 1 (1933) 


+ HX N N C.H 
C.H, C.H, N N > C.H C 6's 
N 
N x 
C.H N « C.H N N 
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wurde VIII mit 2-5 Aquival. des Dipolarophils und ca. 4 Aquival. Triathylamin in 


Benzol behandelt (Arbeitsweise B). In cinigen Fallen wurden auch mit geringerem oder 
ohne Dipolarophil-Uberschuss -digende Ergebnisse erzielt Weniger aktive 
Dipol irophile werden zweckma n grésserem Uberschuss bzw. als Lésungsmittel 
Additionen erfolgten glatt bei Raumtemperatur; jedoch 
die Ausbeuten etwas hédher. Langsames 
Arbeiten mit geringer Stationirkonzentration 

hend aktiven Dipola 


der Arbeitsweise 
lrofuran als Solvens 
Schitteln der 
alilauge bei 20° gab 
iber keine Vorteile. 


isgefiihrt und dirften 


n Bicyclo-[2.2.1]-hept-2-en-Addukts IX, die 
riine Fluoreszenz™ seiner Lésungen sowie die 
Schwefelsiure™ sind charakteristisch fiir 
roform wirkt nicht dehydrierend, sondern 

sition des N-gebundenen Phenyls in IX. 


(1918): O. Neunhoefi und D. Rosahl, Chen 
57, 81 (1953 
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Beim «- Dicyclopentadien ist angesichts der Méglichkeit von Struktur- und Stereo- 


isomerie die bis zu 87°, betragende Ausbeute am einheitlichen | :1-Addukt bemerkens- 


wert. Am Bicyclo-[2.2.1]-hepten-Geriist verlaufen alle Diensynthesen™ nach exo-cis. 


Auch fiir die Anlagerung des Phenylazids konnten Alder er al.’® den gleichen sterisch 


einheitlichen Ablauf wahrscheinlich machen. Aus Analogiegriinden formulieren 


wir das Diphenyl-nitrilimin-Addukt gemass X als exo-cis-Verbindung. Durch 


Strichelung wurde in X gekennzeichnet, dass sich die CC-Doppelbindung in 5-6 oder 


6:7 befinden kann. Da ein richtender Einfluss dieser Doppelbindung des «-Dicyclo- 


pentadiens auf die 1.3-Addition schwer erkennbar ist, iiberrascht deren strukturell 


einheitlicher Verlauf. Auch die Méglichkeit einer isomorphen Vertretbarkeit der 


beiden Doppelbindungsisomere1 im Kristall muss erwogen werden. 


Die Aromatisierung des Pyrazolinringes in X gelang mit Chloranil in siedendem 


Xylol. Die Umwandlung von sp’ in sp*-Zentren in den Positionen 3a und 8a muss mit 


Anwachsen der Winkelspannung (Norbornen-System) erkauft werden, was sich in 


geringer Dehydrierungsgeschwindigkeit und miassiger Ausbeute an XI diussert. Die 
enge Beziehung der U.V.-Absorptionsspektren von X und XI zu denen von authent. 


|.3-Diphenyl-A*-pyrazolin und 1.3-Diphenyi-pyrazol (Fig. 1) sichert die vorgeschla- 
i i « 


genen Konstitutionen 


Bei der Behandlung von X mit Platinkohle bei 300° oder mit Schwefel bei 200-250 


war die Dehydrierung des Pyrazolinringes verkniipft mit einer Absprengung des 


alicyclischen Molekiilteils: bis zu 46 3- Diphenyl-pyrazol (X11) wurden erhalten. 


wiihrend das zweite Spaltstiick nicht isolierbar war. 


15S. B. Soloway, J. Amer. Chem. Soc. 74, 1027 (1952); J. K. Stille und D. A Frey, /bid. 81, 4273 (1959); 


K. Alder, J. Ménch und H. Wirtz, Liebigs Ann. 627, 47 (1959) 
1 K. Alder, G. Stein und S. Schneider, Liehbigs Ann. 515, 185 (1935). 
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Obwohl bei der Anlagerung von VII an Bicycloheptadien mit 12 Molaquival. des 
Dipolarophils gearbeitet wurde. liessen sich neben 79°, des 1:1-Addukts XIII noch 
6°’ eines Diaddukts. vermutlich XIV, fassen. Die hellgelben Kristalle von XII 
erleiden schon beim Schmelzpunkt (133-135°) einen Retrodien-Zerfall, der bei der 
praparativen Durchfiihrung 95 | 3-Diphenyl-pyrazol und 77°, Cyclopentadien 


ergab 


\*-pyrazolin- 


ym 2 derartigen 


Ringen kommt n il itt and lativer Orientierung 


der Heter: 
Das dukt aus yclopentadien 4jureanhydrid lagerte VII an unter 


Bildur 


NICHTKONJUGIERTE OLEFINI DIPHENYLKETEN 
UND KETENACETAI 


Die dipolarophile Aktiy er normalen unkonjugierten Doppelbindung ( Tabelle 
ffenkettigen Olefinen treten die monosubstiturerten 


relativ gering. Unter den « 


Weitere Versuche miissen die 


Grenzen abstecken 


é 
4 
q 
} 
\ 
\ 
4 
¥ AY 
Die eriinblaue Fluoreszenz des Diaddukts weist auf die |.3-Dipheny! Po 
Struktur: die Extinktion der U.V.-Maxima zeigt die Anwesenheit 
Ene des Pyrazolins XV. 
Athvlene at einend am leichtesten in Reaktion 


Diphenyl-nitrilimin und seine 1 3-Dipolaren Additionen an Alkene und Alkine 


TABELLE 2. ADDITIONEN DES DIPHENYL-NITRILIMINS AN NICHTKONJUGIERTE ALKENE, 


DIPHENYLKETEN UND KETENACETAIL 


Addukt 


Arbeitsweise 
Dipolarophil 


und Temp Ausbeute 
i Th Formel Schmp. 
A 


n-Hepten-(1) B*, 90 85 XVI 56-58 


Undecylensaure-athylester B*, 90 80 XVII 40-42 
Cyclopenten B, 80 78 XIX 137-5-139 
Cyclohexen B, 80 0 

Diphenylketen B. 80 24 XX 160-162 


XXI 


Die Bildung von XVI und XVII aus Hepten-(1) bzw. Undecylensdureester volizog 


sich recht glatt, wenn man eine hohe Konzentration des Dipolarophils verwendete. 


Beim Arbeiten mit nur 3 Molaquival. des I ndecylensdureesters in Benzol traten neben 
XVII noch 28 |.3.4.6- letraphenyl-1.4-dihydro-1.2.4.5-tetrazin (XVIII) als I rgebnis 
einer Kopf-Schwanz-Dimerisation von VII auf. Das Erscheinen dieses Produkts zeigt 


eweils die mangelnde Aktivitét des Dipolarophils an. 


Die Stellung des aliphatischen Substituenten wurde am Beispiel XVI durch 


Oxydation ermittelt. Beziiglich der Orientierung bei der Anlagerung von VII an das 


monosubstituierte Athylen sei auf die spiteren Ausfiihrungen verwiesen (S. 15). 


I 

Unter den Cycloolefinen lieferte das Cyclopenten mit VIII und Triathylamin in 
siedendem Benzol 78°, des Adduktes XIX, waihrend mit Cyclohexen keine Pyrazolin- 
bildung nachweisbar war. Das U.V.-Spektrum von XIX ist nahezu identisch mit dem 
des Norbornen-Adduktes IX. Die Uberlegenheit des ¢ yclopentens vor ¢ yclohexen als 


Dipolarophil beobachteten wir auch beim Arbeiten mit anderen 1.3-Dipolen. 


Die Umsetzung von VII mit Dipheny/keten fiihrte zu einem uneinheitlichen Pro- 


dukt. Eine zu 24°. gefasste Komponente zeigt die Analysenwerte des Monoaddukts: 
die Formulierung als |.3.4.4-Tetraphenyl- \*-pyrazolon-(5) (XX) bedarf noch der 


Bestatigung 


9 
: 
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Die Koniugation der Doppelbindung mit zwei O-Funktionen macht das Aeten- 

didthylacet u cinem WIrkKSa } ipolarophil Das farblose Produkt zeigt die im 
Absorption 

giese 

Aufarbeitune 


sich ull 3. 


Da eu benach- 


cht« inc ils cine | adung durch Resonanz 

mag, war cin nlagerung des Nitrilimin-Kohlenstoffs an das C-1 

iss XXIII zu er te itution liess sich durch die 

-Dehvdrierung zum 1.3-Diphenyl-5-vinyl-pyrazol (XXIV) und dessen 
Oxvdation zur 5-Carbonsdure (XXV) bestatigen. Die noch nicht beschriebene Sadure 


XXV wurde zum Vergleich aus dem konstitutionell gesicherten | 3-Diphenyl-5- 
methyl-pyrazol” durch Permanganat-Oxydation bercitet 

Da Cyclopentadien rasch di- und trimerisiert, war die Bildung von Nebenprodukten 
bei der Anlagerung von VII nicht zu vermeiden. Die Ausbeute der Tabelle 3 bezieht 
sich auf einen Versuch mit 1.5 Molaquival. Cyclopentadien Die katalytische 


Knorr und C. Klotz, Ber. Disch er 20, 2545 (1887) 


1 Ky. Auwers und H. Mauss, Ber. Drsch. Chem. Ges. 59, 611 (1926) 
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TABELLE 3 ADDITIONEN DES DIPHENYL-NITRILIMINS AN KO? I ALKENI 


Addukt 


XXX 


XXXII 
XX 
XXXVI 
XXXViI 


ostitution 
he CC- 


Zu 


1-1.3-dien um 


einen Abkémmling d letrahydroinda; Dehydrierung 
zum |.3-Diphenyl-indazol (XXVIII) dargetan 
Alken vereinigete sich n VII zu 88‘ 


al ¢ ifachsts pl nvikoniuel ies 


ntisch 


1.3.5-Triphenyl-A*-pyrazolin (XXIX),_ ide 


mit einem authe Praparat.”° 
Die Additionsrichtung entspricht der des Butadien 

Wahrend 1.2-Dihydronaphthalin mit Benz-phenylhydrazid-chlorid Priathylamin 
in siedendem Benzo! das leicht zu reinigende Addukt XXX lieferte, ergab die Zerset- 


zung des Diphenyl-tetrazols in 1.2-Dihydronaphthalin bei 160° in hoher Ausbeute ein 
1” W. Borsche und W. Scriba, Lieb inn. 540, 83 (1939) 


21, 1205 (1888) 


201. Knorr und H. Laubmar Be Disch. Chem. Ge 2 


Arbecitsweisc 
Dipolars phil 
Ausb Formel Schmp. 
But B 20 4 XXIII 76-77°5 
tac 20 XXVI 183-184 
hexa-1. 3-dic 80 73 XXVII 119-5—121 
Stvr RB 60 Rs XXIX 137-138 
|.2-Dihyds \ 60 XXX 143-149 
1.2-D B 80 75 151-152 
Ind R 171-172 
Ac B 255 257 
Dit B . 264-265:°5 
vw 
N >» WN N 
4 
a Hydri 1 XXVI e1 das ( enten-Addukt XIX. Die Bromsi 
Doppelbing XXVIL. I | r Doppelbindung rde in Analogic mu 
XXII1 for iert 
N N > N 
N N N 
q 
CoH, 
XXVI XXV XXVITI 
Dass cs sich bei dem helleriingel be n Addukt XXVII ius Cyel hex S| 


12 Hurscen, MICHAEL Semet, GONTER WALLBILLICH und HANS KNUPFER 


Isomerengemisch, das XXX als Hauptkomponente enthielt. Wir vermuten, dass bei der 


héheren Temperatur auch die zweite Additionsrichtung zum Zug kommt. 


XXXII 


Bei XXX bleibt auffallenderweise die charakteristische Fluoreszenz der | 3-Diaryl- 
A*-pyrazoline aus; vermutlich verhindert der ankondensierte Benzolkern die not- 
wendige Koplanaritat des N-Phenyl-pys izolinsystems. Das aus der durchgreifenden 
Chloranil-Dehydrierung hervorgehende | .3-Diphenyl-6. 7-benzo-ind izol(X X XI) wurde 
Dehydratisierung des Phenyl- 


auf eindeutigem Weg synthetisiert Cyclisierende 
hydrazons des 2-Benzoyl-1-hydroxy-naphthalins (XXXII) mit Polyphosphorsaure bet 
100°. Das einheitliche Inden-Addukt ist wohl analog XXX zu formulieren (mit ¢ H, 


statt CH,—CH,) 

Wie die verwandte Diels—Alder-Reaktion sollte auch die 1.3-Dipolare Addition als 
Mehrzentrenprozess einen cis-Ablauf zeigen. Zum Nachweis eignen sich vor allem 
cis-trans-isomere Alkene als Dipolarophile Tatsichlich gelangten wir, von trans- und 
cis-Stilben ausgehend, zu den diastereomeren Diphenyl-nitrilimin- Addukten XXXIII 


ZU 


trons —Stiiben 
68% 


535% 
cis-Stilben 


N N N 
N N N 
e XXIX xxx pr 
J 
C.H, 
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und XXXIV; in den Mutterlaugen vermochten wir nicht das jeweils andere Diastereo- 
mere nachzuweisen. Beide Pyrazoline liessen sich zu ein und demselben 1.3.4.5-Tetra- 
phenyl-pyrazol (XX XV) dehydrieren. Wahrend dies bei der cis-\V erbindung XXXIV 
mit Permanganat in Aceton praktisch volistandig gelang, trat XX XIII unter gleichen 
Bedingungen nicht in Reaktion. Hier bedurfte es der I inwirkung von Chloranil in 
siedendem Xylol. 

Die etwas winkelgespannte Doppelbindung des Ace naphthylens trat leicht in Reak- 
tion und gab 90° XXXVI. Auch die in das cyclische 8a-System des Dibenzo-[b.f]- 
azepins™ einbezogene Doppelbindung erwies sich als ausreichend aktiv: mit nur 
einem Molaquival. des Dipolarophils wurden 55°, XXXVII erhalten. 


NGESATTIGTE CARBONESTER UND NITRILI SOWIE CHINONI 

Lagert sich schon Diphenyl-diazomethan leicht an «.f-ungesiittiste Carbonyl- 
verbindungen an, so war dies erst recht von dem reaktionsfreudigeren Isomeren, dem 
Diphenyl-nitrilimin, zu erwarten. Die konstitutionelle Klirung der in Tabelle 4 
aufgefiihrten Addukte erlaubt mechanistische Riickschliisse 

Die aus Acrylester und Acrylnitril in glatter Addition erhaltenen Pyrazoline 
XXXVIII und XXXIX wurden mit Chloranil in die Pyrazole iibergefiihrt und lieferten 
beide bei der alkalischen Verseifung bzw. schwefelsauren Hydrolyse reine | .3-Diphenyl- 
pyrazol-carbonsdure-(5) (XXV). Damit ist die Orientierung eindeutig festgelegt. 


XXXVITI R = CO.C.H, XXV 
R= CN 


Die Grenzformel VI Ic, die sich bislang als Symbol fiir die Diskussion des Additions- 
sinns bewahrte, liess erwarten, dass die nucleophile N-Funktion in die P-Position des 
Acrylsdureesters gemiss XL eintritt. Der ausschliesslich beschrittene Reaktionsweg 
zeigt die umgekehrte Orientierung. Dieses \ ersagen Uberzeugt von der Notw endigkeit, 
andere orientierende Effekte zu suchen. 

Die Betrachtung der All-Oktett-Grenzformeln Vila und b lehrt, dass das Nitrilimin 
liber 2 nucleophile Zentren verfiigt. Es ist allerdings schwer vorauszusehen, wie weit 


*! R. Huisgen, E. Laschtuvka und F. Bayerlein, Chem. Ber. 93, 392 (1960). 
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TABELLE 4. ADDITIONEN DES DIPHENYL-NITRILIMINS 4 


UNGPSATTIGTE CARBONYLVERBINDU EN UND NITRILI 


Addukt 
Formel 


XXXVIII 
XXXIX 


die Mesomerie dieser Grenzformeln int lve ihrer unt n Geometrie sterisch 


behindert sein wird. Energet re Erwaguneg \ eine trachtung det molecular 


orbitals* lassen uns vermuten, dass Vila mit grésserem Gewicht am Grundzustand 


betecilict ist und dessen Geometric vornehmlich bestimmt. Dennoch entspricht die 
Molekel beziiglich der Ladungsverteilung mehr einem linearen “Tripol” als dem 
Zwitterion Vila. Der Stickstoff ist also nicht eindeutig als nucleophile Komponente 
pridestiniert. Der Vorzug ecinet Reaktion des 1.3-Dipols gemiss Symbol Vile ist 
umso geringer, als man bei ciner cyclischen Bindungsverschiebung (Schema von S. 4) 
nicht einmal die Richtung der Elektronenbewegung ingeben kann 

Welche zusiitzlichen Effekte bestimmen nun die Orientierung ? Mehrzentrenprozesse 
erfordern ein hohes Mass von Ordnung der Komponenten im Aktivierungsvorgang, 
sie sind gegeniiber sterischen Faktoren notorisch empfindlich. Tatsiachlich haben 
kinetische Studien der Diphenyldiazomethan- Addition an Alkene einen iiberraschend 
hohen Einfluss des Raumanspruchs des Dipolarophils an den Tag gebracht.* 


* Herrn Prof. J. D. Roberts, Pasadena (U.S.A.), sei fiir hilfre che Diskussionen aufrichtig gedankt 


22 Vogl. I.c.* sowie R. Huisgen, H. Stangl, H. J. Sturm und H. Wagenhofer, Angew. Chem. 73, 170 (1961). 


Arbeitsweise : 
Dipolarophil 
nd Temp Ausb 
und | : 
AcTY B, 20 138-140 
Croto re-iithylester B 0 fl 
Zimtsaure B 30 83 121-5-124-5 
Zimt re-al ster 160 86 XLI 113-116 
Acct jure ter \ 67 XLIl 102-104 
q O-A cet \ l¢ 19 XLil 102-104 
O-A reste! \ 62 102-104 - 
Ma ca drid \ XH 
Fi i re-d el B XLIV 149-5—15] 
Ma B SO XLI\ 149-5-15] 
Maleinsdure-dimet ester \ 165 XLIV 149-150 
XLV 141-143 
Dimethyl-maic Lure ydrid be ‘5 XLVI 133-134 
Dum i este! B SU +3 XLVIII 144-145 
Napht \ 165 XLIX 257-259 
2-Methy 135 33 245-247 
* Anisol als Solvens ** ohne LOsungsmitte é 
OH 
N N N N 
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Wenn der Grundzustand des Diphenyl-nitrilimins der Struktur VIla geometrisch 
nahesteht, dann ist der endstandige Stickstoff riumlich freier zuganglich als der 
Kohlenstoff. 1-Substituierte oder 1.1-disubstituierte Athylene sollten daher eine 
Orientierung sterisch bevorzugen, bei der das héhersubstituierte Zentrum vom Stick- 
stoff in VII gebunden wird. Die Additionsrichtung bei den monosubstituierten 
Athylenen (Tabelle 2) wird damit klar. Bei Butadien und Styrol operieren elektronische 
und sterische Faktoren in gleicher Richtung. Beim Acrylester scheint von den gegenein- 
ander arbeitenden Einfliissen der sterische starker zu sein. \llerdings selzt die Starke 
des orientierenden Effekts in Erstaunen. 

Sind Substituenten in I- und 2-Stellung des Athylens im Raumanspruch ver- 
gleichbar, dann sollten die polaren Effekte wieder die Orientierung festlegen. Mit 
Crotonsdure-dthylester und Zimtsdure-dthylester erhielten wir Isomerengemische, 
deren quantitative Trennung noch nicht gelang. Aus dem rohen Zimtester-Addukt 
waren nach Chloranil-Dehydrierung 50°/ d.Th. |.3.5-Triphenyl-pyrazol-carbon- 
sdure-(4)-dthylester isolierbar. Als Hauptprodukt lieferte Zimtester somit XLI, in 
welchem der Stickstoff von VII die elektrophile /-Position zur Carbonesterfunktion 


aufgesucht hat. 


Al 

In der Enolform des Acetessigesters liegt ein trisubstituiertes Athylen vor. Das 
Zentrum mit hGherem Raumanspruch tritt ausschliesslich mit dem Stickstoff von VII 
in Bindungsbezichung. Nach spontaner Wasserabspaltung lieferte das Primaraddukt 
nimlich den (XLII). 
O-Acetyl- und O-Athyl-acetessigester gingen unter Eliminie1 ung von | ssigsdure resp. 
Athanol ebenfalls in XLII iiber. Sterischer und elektronischer Effekt bestimmen den 
Additionssinn hier in gleicher Richtung. 

Schon Fusco und Mitarbeiter™ bereiteten fiinfgliedrige Heterocyclen durch 
Umsetzung von zahlreichen CH-aciden Verbindungen mit Hydrazidhalogeniden in 
alkoholischem Alkali. Die Formulierung der italienischen Autoren. die eine primdre 
Substitution des Halogens gegen das Anion der CH-aciden Verbindung vorsieht, mag 
zutreffen. In der letzten Arbeit der Reihe wiesen Fusco und Romani auf die MO6glich- 
keit einer primaren HHal-Abspaltung zur “Isodiazoverbindung” hin. 

Die Wechselwirkung zerfallenden Diphenyl-tetrazols mit Maleinsdureanhydrid in 
siedendem Anisol fihrte zum_ 
anhydrid (XLII). Die mehr als ein Molaquival. betragendeG isentwicklunglegteeinen 
teilweisen Zerfall des Addukts nahe. Bei der Thermolyse von VI in liberschiissigem 
Maleinanhydrid ohne Solvens liess sich nur noch |.3-Diphenyl-pyrazol als I rgebnis 
einer CO- und CO,-Abspaltung aus XLIII fassen. 


*5G. Minunni und G. Lazzarini, Atti Reale Accad. Naz. Lincei, Rend. (5) 15 1, 19 (1906). 

** R. Fusco und R. Justoni, G: Chim. Ital. 67, 3 (1937); R. Justoni, Jbid. 68, 49 (1938): R. Justoni und 
R. Fusco, /bid. 68, 59 (1938); R. Fusco und C. Musante, /bid. 68, 147, 665 (1938); R. Fusco, bid. 69, 
344, 353, 364 (1939); 72, 411 (1942); R. Fusco und R. Romani, Jbid. 76, 419, 439 (1946). 

“5 R. Fusco und R. Romani, Gazz. Chim. Ital. 78, 342 (1948). 
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4 vielleicht durch di 
Nur 
Veresterung 


mut Sod ilésung 


Erklarung die 


mit 


Epimerisierung 


Dipolarophil erlaubt die 


Din 
Aus vicl 
1 


un 
Dime mal 
Die Reaktiv 
Aus der Thermolyse des Diphenyl-tetrazols in Uberschiss1 
Chinon XLIX |! 


be: 165 


lung XLVIII 


Ve 
XLVI erhalten 


tat der Chinone scl 


Dic auch 


rbin 


iliesst sich ene 


an 


ging zu &5 vervor. Offensichtlich 


primdare Pyrazolin-diketon unter Protonenwanderung 


chinon 


wurde < 


| |-pyrazol (XLIX) dehydriert 


SLCTISCNC 
Addukt 
is- und cis-Diestet 


Addukt des 


cic 


fer in den n 


aus dem 


ungesdittigten Ketone 


Vaphtho« hinon 


isomerisiert sich das 


zum Pyrazol-hydro- 


Da elektronenliefernde Substitution das Redoxpotential cines Chinons senkt, 


las Pvrazol-hydrochinon durch tberschussiges z~ Naphthochinon sofort zum 


Die 


Carbonvischwingung bei 1675/cm entspricht der des Anthrachinons. 


16 
R CO.CH ; 
N N N : 
CH R XL VIII R LH 
Obeleich es nicht statthaft ist, aus Ausbeuten auf ab , 
keiten zu schliessen, sei aul die YY-proz Adduktausbeute aus - 
; und VIII lridithviamin hingewiesen. Auch die Thermolyse \ P| 
ist mit S&S des gleichen blassgriingelben Addukts XLIV bes ’ 
4.5)-dimethylester (LVI) 
Dass Maleinsdure-din iviest der Arbeitsweise B 
Dicarbonestc! XLIV hetert scheint Zunacnst tereoselek 
widersprechet Die Tetrazol-Pvyrolyse be: 165° (Arbett eise A 
; cis-Dicarbonester XLV neben 51°, XLIV. Die basenkataly 
XLV — XLIVN bei der Arbeitsweise B durch Tridthylamin, be 
veringe E:enbasizitaét des Addukt bictct i! Val sc 
neutrale Hydrolyse des Anhydrids XLIII fuhrte bei 1 folger 
Diazomethan zur s-Diester XLV. Die Behand XL) 
reniigt, um den Ubergang in die stabilere trans-Rethe a lésen. Die 
R 
N N 
nacntra : 
Bezichun 
vewa 


0 


Eine Methylgruppe in 2-Position des z-Naphthochinons verhindert die Folgere- 


aktionen. Hier wurde das Pyrazolin-diketon L gefasst. Die Additionsrichtung wurde 


nur aufgrund der Regeln von S. 14 erschlossen. 


I ALKINI 


Die Wechselwirkung des Diphenyl-nitrilimins mit der CC -Dreifachbindung fiihrt 


unmittelbar zum aromatischen Pyrazolsystem. Da schon der Ubergar 


gszustand der 


1.3-Addition von der beginnenden aromatischen Resonanz profitiert, sollten Alkine 


besonders aktive Dipolarophile sein. Die wenigen Beispicle der Tabelle 5 vermégen 


nicht als Bestétigung zu dienen; sie lassen eher sogar gewisse Zweifel an der Uber- 


legenheit der Alkine iiber die Alkene aufkommen. Erst quantitative Konkurrenzver- 


suche kénnen iiber die Aktivitatsfolge der Dipolarophilen Aufschluss geben. 


TABELLE § ADDITIONEN DES DIPHENYL-NITRILIMINS AN ALKINI 


Dipolarophil 


Phenylacetylen 


Tolar A, 160 34 XXX\ 215-217 
Tolan B, sO 2-6 XXXV 216-218 
Propinal-di-n-propyl-acetal 4, 170 79 Lil fl 
Proy saure-methylester B 20 71 LIV 111-5-112-5 
Phenyl-propiolsaure-athylester 165 L\ 44-145 


endicarbonsdure-dimethylester A, 165 56 LVI 153-154 


Acety 


Das farblose Addukt des Phenylacetylens erwies sich mit dem bekannten 1.3.5- 


lriphenyl-pyrazol (LI)* identisch. Die Orientierung ist also die gleiche wie beim 


Styrol. Die | msetzung mit Jo/an ist weniger ergiebig als die mit Stilben. Das 


Addukt. das 1.3.4.5- letraphenyl-pyrazol ist identisch mit dem Dehydrierungsprodukt 
XXXYV des Stilben-Addukts (S. 13). Wahrend die Ausbeuten meist nut unwesentlich 
von der Natur des Diphenyl-nitrilimin-Generators abhangen, scheint im Tolan ein 


Grenzfall vorzuliegen. Den besseren Erfolg bei der Thermolyse des Diphenyl-tetrazols 


bringen wir mit der héheren Reaktionstemperatur in Zusammenhang; offensichtlich 


vermag die 80°-Reaktion (Arbeitsweise B) den Aktivierungsbedarf der 1.3- Dipolaren 


Addition hier kaum noch zu decken. 


Die unkonjugierte Dreifachbindung des Propargylaldehyd-acetals reagierte recht 
gut. Das dlige Addukt LII lieferte einen kristallinen Aldehyd LIII, dessen Oxydation 


zur .3-Diphenyl-pyrazol-carbonsdure-(5) (XXV) recht energischer Bedingungen 
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H. O CH. O 
CH ; 
] 
Addukt 
Arbeitsweise 
und Temp Aushb 
| Formel Schmp 
il 
B 80 138-5-139-5 
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(S. 14) her vorausgese- 


| Addukt LI\ Crwies 


reester ein 
jure und Decarboxylicrung 
(LI). Damiut sst 

Addition von VII 

Mit der Vermindcrung 


Acetylen 


beziiglich 

Addukts 

irbonsit ihren Eigen- 

nd wurde bei 2 Z >be ls bekannten 
rboxyv! 

neuen Syntheseprinzip erhebliche praparative 

Die Anlagerung der 

roatom fiihrte in gen Fallen zu 


Heterocvclen, wie in cine! jiterer ffentlichung beschricben wird 


XPERIMENTELLER TEII 


lorid (023 Mo 


10 Std 


Gespannte Doppe lhindungen 
1.3-Diphenyl-4.7-methano- 4 (1X). 460 me VIII (1-99 mMol) und 


% ©. Dimorth und S. Merzbacher, Ber. Disch. Chem. Ges. 4, 2402 (1907); R. Huisgen und M, Seidel, 


27H 6yv. Pechmann, Ber. Dtsch. Chem. Ges. 27, 320 (1894): H. v. Pechmann und L. Seeberger, 


2121 (1894) 


CoM. 
CO.C.H. : 
N N N 
N R N C,H. N CO.CH, 
‘ 
i 
ij R ry 
hedurfte. Die Orienticrung ist also die vom steriscnen Efickt 
sich also dem Acryisaul ter analog 
Im Gegensati m Zimtester (S. 15) erbrachte / 
einheitliches Addukt (L\ Dess Hvydrolyse zur freien 
oberhalb 20) ib das obenerwihnte 1.3.5-Trip!l 
nachgewiesen, dass Propiolester und Phenyl-proy ¢ 
bezulglich der Carbon Kktion ents en etzt dl 
des sterischen Faktor Phenyl-prop ter ist ein disubstituiertcs A 
dominiert jetzt wieder der elektronische | kt O 
Da Addukt d licarbo 
seiner Konstitutio juch au 
hervor. Die freie |.3-Diphenyl-pyraz 
schaften mit Literaturangaben”™ ubere! 
1.3-Dinhenvyl-pyra -carbonsidure-(4) « 
Es ist unschwer crs! tlich, dass det 
Bedeutung in der A®*-Pyrazolin- und | 
Ber Vill Das Vert re Pec an ind Seeberger vird durct 
die Ver Ather d \ lu ing tel reproduzierbar und flr grosset 
Ansatz 
Wo f nul Pe 0 Mol) und 48 ¢ Phosphorpentach |) 
vurck tr At Riickfl if citsat rckocht 
thezu klare | s( GO Ather d sodann 80 Methanol 
einflic Det te 7 sA rde auf dem W bad abgedampft, bis die Innentemp . 
der siedenden Lésung 60-70" betrug. N Aufbewahren tiber Nacht im Kihlschrank wurde 
suskrist rt Vill abe ri ‘te a Acet inter Zusatz 
von Wasser b r Triib Z ma { kristallisier fihrte zu 25¢ gelblichen Prisma 
(58 d Th.) mit Schmp. 129-5-130-°5° (Lit 131) 
7, 
: 


Diphenyl-nitrilimin und seine 1 3-Dipolaren Additionen an Alkene und Alkine 19 


0:50 g Norbornen (5:3 mMol) wurden in 4 cm® wasserfreiem Benzol gelést und bei Raumtemp mit 
1-0 cm® Triaithylamin (7-15 mMol) versetzt. Nach ca. 10 Sek. setzte die Ausscheidung der farbl. 


Nadeln des Triaithylammoniumchlorids ein. die nach 


mehrstdg. Stehen at gesaugt und mit Benzol 


2 


gewaschen wurden: 272 mg (99° d.Th.) mit Schmp. 253-255° (Lit.** 253-254°). Die rote Benzol- 


umkristallisiert : 
490 mg IX in hellgelben, bei 170-5-171-5° schmelzenden Nadeln (85 d.Th.). Nach 4-maligem 


17? 


Umldésen aus Athanol lag der Schmp bei 171 2 


l6sung wurde vom Solvens befreit und der Riickstand aus 30 cm® absol. Athano 


HN, (288-4) Ber. C, 83-30; H, 6-99: N, 9-7] 


Gel 


V.-Absorption in Chloroform zeigt Maxima bei 244 mu (1 i +14) und 370 my (log ¢ 


4°32) Die kraftige bl rune Fluoreszen: scnon De Tageslicht gut CrKe Die braungelbe 


Lésung in konz. Schwefelsdure wird auf Zusatz von wenig konz. Salpetersdure intensiv dunkelgriin 


terc such lessen wir das Tridthylamin in die siedende Benzollésung von VIII und 


Norhor ntropfen e ifarbeitune na ht 1. Th. Triathylammonium- 


VIII (2:17 mMol) und Norbornen 
1-S< W r 8&8 Std Del 


IX mit Schmp 


120 


140 


wurde 


Mit Benz-phenylhydrazid-chlorid. In die siedende Lésung von 460 | g VIII (1-99 mMol) und 1-2 ¢ 
Dicyclopentadien (9-1 mMol) in 6 cm® Be essen wir 1-0 cm® Triathyla einfliessen und kochten 
| Stde. unter Riickfluss. Nach dem Absaugen von 266 me Triithvlammoniumchlorid (97 d.Th.) 
wurde eingeengt und aus Athanol umgelést. Unter Aufarbeitune der Mutterlauce wu rden 568 mg 
X (87°. d. Th.) in ligelben, griin fluoreszierenden Nadeln isoliert, die nach mehrfachem 1 mldésen 


bei 175-176 schmolzen und mit dem aus VI bereitete Priparat keine Depression gaben. Die 


Chloroformlésung zeigt Absorpt onsmaxima bei 242 m log 4°15) und 370 (og 4-33). 


Dehydrierung mit Chloranil. 3-0 2 X (9-2 mMol) wurden mit 3-0 g Chloranil (12 mMol) in 20 cm*® 


Xylol 42 Stdn. riickflussgekocht. Die schwarzbraune Lés ing wurde mehrfach mit 4-proz. Kalilauge 


ausgezoren, mit Wasser rewaschen und im \ ik. vom Sol ens he freit N ich Dest ll ition be 120 165 


A ll 


(Badtemp.)/0-:003 Torr wurde die rotbraune glasige Masse aus 60 cm? heissem Alkohol kristallisiert 


Erneutes Umlésen ergab 0-90 g Kristalle, die nach Sublimation im Hochvak. farblos waren. Erst 


nach 10-maligem Umlésen aus Athanol verschwand die blaugriir e Fluoreszenz. die von \ erunreinigung 


** L. Wagner, Z. Krist. 43, 148 (1907) 


Mmm. C, 83-29; H, 7-23; N, 9-57. 
u 
Umsetzung in wiissrigem Alkali. Die | ing S00 meg 
(45-3 Mol) in Scn Benzol wurck t 200 KOH ; iM 
Raumtemp. geschiittelt. Die Aufarbeitung der tiefroten Bet rolphase ergab 475 mg 
170-171-S° (7¢ ) 
B erul IX reagierte in Chloroform mit 1-0 Moldquival. Brom ex ther Nach mehreren 
Std t K Wasser vom Lés ttel befreit. Bei 
fre = 
(Badt p.)/0-003 Tort riingell sublimat uder, das mehrfach aus Athanol umgelést SE 
Hellgelbe Blittchen vom Schmp. 133-134 
( H,.BrN, (367-3 Ber 65-40: H, 5-21: N. 7-63 
Gel C’, 65-54: H, 5-53: N. 7-48 
Das !.R.-Spektrum spricht eine 1-[p-Bron y/}-3-pher +. /-methano-3a.4.5.t a-hexahydro- 
| ne lor y 
inda I ( let s n les Py IX im Auftreten z er neuer Banden bei 800 
und ( den CH-W c ( i bst. Benzolkerns: die Extinkt der Banden 
des n subst. Kerns ist gegeniiber IX ver lert 
Mit 2.5-Dinhe tetrazol. 202 V1(9-0 mMol) irde n 10 Dicyclopentadien auf 160-165 
erhit be erhalb 3 Stdn. 9-O mMol Stickstoff f resetzt rdet N n Abdestill 
c wurde aem 
des nu Dipol roy inter U rT ager R ickStand s Alkohe m«ristalisiert 71 
2-01 ¢ blasseriingelben Nadeln mit Sc np. 173-174 Ausbeute 68 d.Th 
( H..N,. (326-5) Ber C, 84-62; H, 6:79: N, 8-58 
Gef. C, 84-43: H, 7-14: N, 8-52 
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durch X herriihrte. Die farbl. Stibchen des 1.3-Diph nyl-4.8-methano-4.4a.7a.8-tetrahydro-indeno- 
$_6-cl-pyrazols (X1) schmolzen bei 124-124-5 
C..H.,.N. (324-4) Ber H, N, 8-64 
Gel 85-03: H, 6O8: N, 859 
m™Mol) wurden mit 90 mg Schwefel (2-8 mMol) im 
if die H,S-Entwicklung 
rab 203 meg 1 ezu farbl 


lathes 
a nd Phenyl! 


199 mMol VIII 
3 Stdn. 


H..N, (480-6) Ber 
Gel 


The se von 2:29 X11 (8-0 mMol) wu m Mikrokélbchen mit 2 hinter 
ander ¢ ilteten Vorlag« j rweite mit Tro gel t ungsam von 130° auf 185 


Die Zerset: y unt iftig ntw ing war n 1 wenig Min. abgeschlossen. In 
d.Th.) gesamm lie Identifizierung erfolgte 
ureanhydrid-Addukt is dem Riickstand gingen bei 
135-150° (Badtemp.)/0-003 rr 1:73 (98°. d.Th.) iiber, die zu farbl. Kristallkrusten erstarrten 
Der Schmp. 84°5-86° erfuhr u r Mischung mit authent. 1.3-Diphenyl-pyrazol (X11) keine Ernic 

drigung 

(XV). In 
die riickflusssiedende Lésung von 2:00 mMol VIII und 4-00 mMol endo-cis-Bicyclo-{2.2.1}-hepten- 
(5)-dicarbonsaut Benzol wurden innerhalb | Stde. 1-0 cm Tridthvlamin 
ind 2 cm’ Benzol eingetropit ‘ren tde. Kochen | n wir erkalten und saugten ab 
Aus 665 me Niederschiag h mit Wasser 274 mg Tridithylammoniumchlorid (2:00 mMol) 
auswaschen 391 me Riickstand wurden aus Essigester zu blassgriingelben Tafeln mit Schmp 


979-281° u. Zers. umeeclést (55°, d.Th.) 


H,.N.O, (358-4) Ber 
Gel 


Nichtkonjugierte Olefine und Ketone 


1.3-Diphenyl-5-n-pent yl-\*-pyrazolin (XVI). 3-98 mMol VIII wurden mit 21-5 mMol Hepten-(1) 
unter Zusatz von 1:5 cm?’ Triathylamin im Einschmelzrohr 30 Stdn. auf 80-90° erhitzt. Die vom 


2°11. Knorr und P. Duden, Ber. Disch. Chem. Ges. 26, 111 (1893) 
%°Q. Diels und K. Alder, Liebigs Ann. 460, 98 (1928) 


Kristalle (46°. d.Th.) mit Schmp. 50-55, die Guren Tieftemperaturkristallisation a 
NadelbiischeIn mit Schmp. 84 rhalten wurden. Mischschmp. und I.R.-Spekt ee 
: Identitat t 1.3-Dipi X11), da im Vergleich aus Benzoylacetaldchy . 3: 
hvdr ner rde (Lit ) 
ind 2:25 ¢ Bicyc cy en (24-7 mMol) in 7 ¢ B | wurde mit 1-0 cm* Triat , 
auf 65° erhitzt und iiber Nacht bei R temp fbewahrt. Die orangefarbene Lésung wurde von , 
1-97 mM Triathylam rid abgesa d « vedampft. In 50 cm* siedendem Alkohol - 
blicben 27 mg Die | ng ferte 451 mg blasseriingelbe Kristalle (79 XID), die 
Sik ich Sinter egen 122° bei 133-135 er Gasentwic zersetzten. Ein aus Petrolather : 
80-120°) neclost 1 be: 20 Hox ik. getrocknetes Priiparat wurde analysiert. U.V.- 
; Absorptionsbanden ( rofor 243 mu (log 4-13) und 369 my (log 4°30) 
C..H,.N,. (2864) Ber C. 83-88: H, 6:33: N, 9°78 
4 Gel C. 83-76: H, 640: N, 9°38 
: Bei dem alkohol slichen Anteil handelt es sich um ¢ d.Th. an 1.3.5.7-Tetraphenyl-4.8- 
1.5-1 |-inda (XIV) Zusammen mit dem Produkt 
‘ weiteren Ansat rde « ehrfach aus Dimethylformamid umgelos icinem | grungciden 
Pulver, da bherhalb 260° dunkel wird und oberhalb 320° unter Zers. schi tt. U.V.-Absorptions- 
naxima in Chloroform: 244 my (log 4-39) und 359 my (log 4-52) 
C, 82°48; H, 623; N, 11°90. 
rt 
C, 73-81; H, 5-13; N, 7-78. 


Diphenyl-nitrilimin und seine | 3-Dipolaren Additionen an Alkene und Alkine 


Triathylammoniumchlorid (100°.) abgesaugte Lésung wurde eingedampft und destilliert. Das bei 
160-180° (Badtemp.)/0-001 Torr iibergetriebene gelbe O1 kristallisierte aus Methanol zu 1-00 g 


gelben Nadeln (85°.) mit Schmp. 54-5 Zweimaliges Umlésen aus Methanol steigerte den Schmp. 


auf 56-58 


Ein weiterer Ansatz mit 3-5 Moliaquival. Hepten—(1) in siedendem Benzol ergab 93 gelbes Rohdestil- 
lat XVI 

XXV. 0:22 XVI (0-75 mM wurder t mMol Chloranil in 25 cm* Xylol 
durch stdg Riickflusskochen dehydriert Die iibliche Aufarbeitung f rte Z ne blassgelben 
Pyridin mit 
22 Kaliumpermanganat 80 Min xydier Nac Ausathern wurde vom Braunst filtriert und 
unter Zusatz von Sulfit ’ jue! Die sic cheidende Carbonsdure (0°13 ¢ hmolz nach 


Umldsen aus Methanol-Wasser bei 225-226" und stimmte im I.R.-Spektrum mit 1.3-Diphenyl-pyrazol- 


carbonsduret5) (XXV) ipe;°re 

Diphenyl-A?- (XVII) 3-98 mMol VIII w irden mit 
16-5 mMol Undecylensiure-ithylester (techn.), wie fiir XVI beschriebe setzt. Bei 200-230 
(Badtemp.)/0-003 Tor 1-3 R produkt 0 Th.) ec! Aus Me Nadeln 


‘> 


mit Schmp. 40-4: 


Beim Versuch 
Destillat durch Kristallisation 220 mg Tetrapl tetrazin (28°, 4.7 Schmp. 
200-203° abtrennen (Lit.*" 204°): Ide ttels LR.-Sp 
|.3-Diphenyl-cis-1.3a.4.5.6.6a-hexal ypyrazol (XIX). Die Umsetzung von 1-99 
mMol VIII, 0:77 ¢ Cyclopenten (11-3 mMol) und 1 1 5 cm® Benz rde durch 150 Min. 
Riickflusskochen und Aufbewahren iiber Nacht bei R emp. durchgefiihrt. Nach Abfiltrieren von 
408 mg blassgelber, blaugriin fluoreszierender Nadeln (78° d.Th.) mit Schmp. 137-5—139°. Maxima 


der U.V.-Absorpt 


1.3.4.4-Tetraphenyl-\*-pyrazolon-(5) (XX). Unter Stickstoff wurden 2:00 mMol VIII mit 0-7 g 
Diphenylketen (3-5 mMol) und Triathylamin in siedendem Benzol umgesetzt. Nach Absaugen von 


89°, d.Th. Triathylammoniumchlorid und Entferne les Li ysmit vurden bei 150-220 


(Badtemp.)/0-001 Torr 1-06 ¢ rotes O1 iibergetrieb: Aus Alkohol kr erten 0-19 g orange- 


farbene Nadeln mit Schmp. 160—-162°;: die Amid-I-Bande lieet bei 1712/cr Weitere kristalline 


1.3-Diphenyl-5-dithoxy-pyrazol (XX1). Die Reaktion von 2:00 mMol VIII und 0-88 g Keten- 
diathylacetal (7-6 mMol) mit Tridthvlamin in siedende Benzol ging ohne Abscheidung des Triadthy! 


ammoniumsalzes vonstatten. Bei 160—-170° (Badtemp.)/0-004 Torr gingen 0-50 g eines roten Ols iiber. 


das in Benzollésung an Aluminiumoxyd (Merck, Akt. I) chromatographiert wurde. Aus den ersten 


Eluaten wurden durch Umlésen aus 90 proz. Alkohol 0-42 g farbl. Nadeln vom Schmp. 67-69 


erhalten. Das U.V.-Absorptionsmaximum (Chloroform) bei 275 mu (loge 4-36) entspricht 


nahezu dem des 1.3-Dip ienyl-pyrazols bei 279 my (log 4-34) 


C,-H,,N.O (264:3) Ber C, 77:24: H. 6-10: N,. 10-60 
Gef. C, 76°92; H, 6:24; N, 10°56 


51 E, Bamberger und J. Grob, Ber. Dtsch. Chem. Ges. 34, 523 (1901). 


21 
C9H,,N, (292-4) Ber C, 82-15; H, 8:27; N, 9-58 
a Gef. C, 82:17; H, 8-30; N, 9-68 
‘ ( H.,N.O. 1-6) Ber ( 76-8] H 8-43 6-89 
Gef. CC, 76°55; H, 8-49; N, 7-12 
ion in Chloroform: 241 mu (log 4-12) und 365 my (log 4:31) 
C,.H,.N. (262°4) Ber ( 2-41: H, 6-9 N, 10-68 
Gel C, 81°94; H, 6°88: N, 10-47 
Fraktionen aus der Mutterlauge bediirfen noch der Untersuchung 
(388-5) Ber C, 83-48: H, 5-19: N, 7-21 
E Gel C, 83:22; H, 5-09; N, 7-29 
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(5) (XXID. 0-53 g XXI wurden in §cm* Athanol und 


hellbrauner Niederschlag abschied. 
nd dessen Riickstand 

irden geringe 

n Misch- 

Phenyl- 


Carbonylschwingung 


Butadien, in 40 cn 


Alkal 
Roh- 


Ruhren 


ro if 


Zers. auf 229-231", 
ich die 1.R.-Spektren sind 


nd Decarboxylie- 

bei 45-47 

SOc tabilem 

irde mit 2 n HC! 
Umlésen aus Metha- 
7ers. getrennt: die 


(XXVI). 1:99 mMol VIIL wurden mit 
I mt resetzt. Nach 20 Stdn 
lise. gewonnen. Nach 


yelbe Blattchen mit Schmp. 
4-11) und 


Oxvdation mit Kaliumpermanganat in Aceton bei Raumtemp. lieferte wenig | 3-Diphenyl- 
)neben Benzoesiure. Die Behandlung von XXVI mit 1-0 Molaquival. Brom 


Ber. Dtsch. Chem. Ges 62, 1671 (1929). 


: 
7 kor Salzsiure 9 Tage riickflussgekocht, el sich 
Nach Neutralisati t NaOH t Met chlorid 
im Hochvak. dest t. Durch l $< At lund Le f 
‘ Mengen XXI entfernt ) farbl. XXII Th.) mit Sc 
hvydrazin (1 137°) bereitet wurd Au e 1.R.-Spektren mit der starken 
hei 1708/cm s er 
Konjugierte Alxeneé 
1.3-D XXIID. 2:31 ¢ mMol) und 2:5 | 
Benzol \ Triiit Butadiendruc ci Raumtemp. 4 Stdn. geschut- 
telt. N \ Lic wufluoreszierende Lés von 98 mMol Triathyl- 
Der RU t d B rde aus Athanol umkristallisiert 
nm 2:34¢ XXill ei 76-77°5° sc zend N Sdp. 130-140° (Badtemp.)/0-001 
Tors : 
C,.H,.N, (248:3) B C. 82-22: H. 6°50: N. 11-28 
Ge C, 82-5 H, 6°59; N, 11°34 
D M XXII! irdc t 4 ( ranil in 10cm i 
10 St riickflu t. Na \ ?-9mMol 1 rhydroc on irde mit : 
t. Be 0° (B p.)/0-001 Torr gingen 0-87 
nrodukt (8 iT \ O K nicht gelang 
O XXIV XX] rdc tal Aceton unter 
erhalb > K tzt. Nach weiteren 30 Min. 
$C t Met Den Riickstand der organischen 
P e kr t Methanol um 0-41 farbl. Nadein 
63°.) mit 3 227-22 Weiteres | eigert Schmp. t 
Depres t t yra (XX\ Auc 
dentis 
¢ ) ] ca nsSau (5) (XX\ Der aus Benzal-acetes- 
rest Phe tetc 3-D 5-met carbonsdure-(4)-dthylester** 
de mit ¢ x Pyt XLiid driert. A che Verseifu ; 
las 1.3-/ ch en aus Ather-l 
Pyt St ter R 1 ekocht. Nach dem I 
ebe resiiuert. D Er t Ic Pr t irde durc 
31 Ausva rial d 24 I XXV mit Sc ». 228-229" u 
Titratior 0 NaOH Phenolpht ergab d Sdureiiquivalent 
C..H..N.O, (264:3) Ber C. 72-71: H. 4°58: N, 10°60 
Gef. ( 2-60: H, 4°96; N, 10°79. 
| 3. Dinhenyl-c ta 44 etra ro- ypentapyrazol 
0-20 Cyc ntac mM 1 Triat n be 
sich XXVI VCISK der Rest 
Ur scr Alko 1H ikuu t irden 0-30 g bla 
83184 rhalt May 1 der U.V.-Absorpt n Chloroform: 24 
(loge 1.3] 
C,.H.N, (260-3) Ber C. 83-04: H, 6:20: N, 10°76 
Gef. C, 83-15; H, 643; N, 10°70 j 
pvyrazol 
2K. vy. Auwers und K. Schun, 
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n Benzol fiihrte unter HBr-Entwicklung zum | 


cyclopentapyrazol, das im IL.R -Spektrum die p-Disubstitutionsbande bei 820/cm aufweist. Aus 


Athanol blassgriingelbe Blattchen mit Schn p. 148-150 


C,,H,;BrN, (339:2) Ber. 8-26. Gef. 8-55 


Katalytische Hydrierung von XXV1. 300 mg in 80 cm® Essigester nahmen bei 20° in Gegenwart 


AA 


von Raney-Nickel innerhalb 50 Min 1-1 Molaquival. Wasserstoff auf. Aus Athanol kamen unter 


Aufarbeitung der Mutterlauge 0:29 g mi 
1.R.-Spektrum 
1.3-Diphenyl-3a.4.5.7a-tetrahydro-indazol (XXVI1). Das nach Arbeitsweise B mit 5 Molaquival 


Cyclohexa-1.3-dien in 73 Ausbeute erhaltene Addukt ging bei 150-160° (Badtemp.)/0-005 Torr 


Schmp. 137-139°, mit XIX identisch in lischschmp. und 


und kristallisierte aus Athanol in heller 119-512] 


3- Diphenyl-indazol (XXVII1). 2:00 mMol XXVII wurden mit 4-85 Mol Chloranil in 10 cm* 
Xylol 18 Stdn. gekocht und wie iiblich aufgearbeitet. Nach Hochvak. dest me ; Methanol 


426 meg farblose Spiesse (79 schmp. 100 10 lisch mit den 


nach’*-dargestellten Produkt (Schmp. 100-101") identisch erwiesen. 


1.3.5-Triphenyl-A*-pyrazolin (XX1X). 1:°99mMol VIII wurden 
Styrol (8-7 mMol) und Triathylz 1 Geger rt et s Hyd 
umgesetzt. Die Uubliche Aufarbeitung erbrachte 523 me XXIX (88 17 1 griingell Nadel 
die nach Umlésen aus Methanol bei 137-—138° s en. Die Verb te mit einen 
authent Praparat von X lis i 
U.V.-Spektrum in Chlorofor yesit7zt Maxima bei 240 mu (log 1-20 d 361 n 1-28 


Hyd I 2? Stdn. | 6U 


Dihydronaphth 


naphthalins i.Vak. kamen aus Methanol 2-44 @ e Nad 


haufig umgeléste Probe, dic er noc! bre S 


korrekte Analysenwerte 


naphtt i 


mkristallisieren ius Athar lag de » be D 1.R.-Spe ret pal 


stimmen weitgehen 


Dehydrierung 


ergab ein Gemisch mit Ausganesmaterial. 1-0 mM XXX und 2:5 mMol ¢ ra len in 5 cn 

Trichl wbenzol 52 Stdn. auf 170° erhitzt. Das e tliblic iigearbeitete Produkt kristallisierte nac 

Hochvak. destillation beim Anreiben mit Petrolather 0% a.1 XXXI irbl. Nadeln, die nach 
mehrfachem Umldésen aus Petrolather und aus Athanol bei 100-5—102° schmolzen 


H 


N, (320-4) Ber 


Gel 


(274-4) Ber. C, 83:18: H, 6-61: N. 10-21 
1 Gef. C, 83-37; 6:75: 10-28 
C,.H,,N. (270-3) Ber C, 84-42: H. §-22: N. 10-36 
Gel. C, 84-28: H, 53; N, 10-54 
1.3-Diphenyl-3a.4.5.9b-tetrahya (XXX) 
Mit 2.5-Diphenyl-tetrazo 20g VI (9:0 mMol) spalteten m 3 Erhitzen in | .2- 
j 24-4) Ber C, 85-15: H 2 N 64 
Gel ( H. N, 
Mit Benz-phenylhydra hl Na Arbeitsweise B rden mit 3-5 M \ 2-Dihydro- 
C.,H..N. (324-4) Ber ( 5:15; H, 621: N, 8-64 
C,,,, CC. 86:22: H, 5-03: N, 8-75 
Gy. C, 86-23: H, 5-34: N, 8-84 4 


Ro Micuaer Semet, GONTER WALLBILLICH und HANS KNUPFER 
?-Benzoyl-naphthol-1) 


ure in 5 cI Athviglykol 


rte das rotbraune Produkt 


(XXX) 


(10 mMol) 
16 


wilitvi-t 


Siedet unzecr- 


mMol VIII wi 
zur Reaktion 


mnten A. Gare 


rr. 95 1, 908 (1924) 


vurden mit 1-2 Phenylhydrazin und 20 mg p-Toluolsull 
ter N f 150° erhitzt. Nach Einrihre Wasser kristallisic 
langsam durc \ 244 (72°. 4.Th.) 
Keton-pl lrazon (XXX derd< regciben Prisme schmp 130-131°5 
setzt bei 220.230 0-001 Tor 
H 4 Ber ( 21-43 H <.% 8.72 
Gef. C, 81-72; H, 5-43; N, 847 
1-02 XXXII C34 M 2 Std 0cm® Polyphosphorsaure bei 95 
Nach 200 \ va elbe Flocken ab, de 
hx 710.20 Bad | rd 1) e Dest it cde 
B \ \ \ Pet r 0 Sho 
XXXI 2.10 M 1.R.-Speh im bew ‘ he Identita 
tH XXX. CH, st CH CH,). Die 
> NAAT \ B Molaqut 
B : N p. 1665-168 
\ 
( H..™\ B C, 86°60: H 2: N } 
D> j (XXX\ ( be sO-std q 
K ox x rt fear K rist 
\ kt des (S. 28) ist bewersend 
j } Vill d t cis 
$3 M \ elb Nadel m Schmp 
194 
( H..™ 174-5 B ( 86-60: H. >: 
( 8623: H N. 
— Zur D en 110 XXXIV ede b Ace ind nach 
mit 60 K MnO « \ Be liger Sdure wurde das 
\ Os 13.4 Sc » 217-220 sus Alkohol farb 
B 1) Ide Pr XXXII lola Ad ke (S. 28) wurde durch 
Mischs 1.R.-Spek 
mMol Acenapnt ch Methode B 1 St und 7 Stdn. bei 2 rebracht 
\ ym Dr. J. Sauces 11.2 
RI r PH 97. 19 
K 269. 104 (1892 D tilber t Phenyihydraz neber 
veil Produkt I S 212-2 \ i der A lat 
disku 13.4 I 4.5-T yi-p un hd ir d 
rst tscheid Die Eig hafter weder mit u och mit trans-Form iber 
Schn sus 2.2-Dit rovi-toluol mit Pl t zu ber Er gibt jedoch keine 
Analvsendaten an. Oberdics L. Medrano, An. Soc. Espanola Fis. Quin 
_ 21. 436 (1923); Chem. Zen, dic Reaktion nicht wiederholer 


Diphenyl-nitrilimin und seine | 3-Dipolaren Additionen an Alkene und Alkine 


598 mg Addukt hatten sich bereits mit dem Triathylammoniumchlorid abgeschieden: die Benzol- 
lésung lieferte weitere 26 mg (zus. 90°, d.Th.). Aus Toluol kamen blassgelbe Nadeln mit Schmp. 


255-5-257-S° u. Zers 


C,;H,.N, (346-4) Ber. C, 86°67; H, 5-24; N, 8-09 
Gef. C, 86°66: H, 5-32: N, 8-28 


|.3-  (XXXVII).* 1:20g Dibenzo-[b.f ]-azepin™ 


(6-2 mMol) wurden mit 6-2 mMol VIII und 4-3 cm® Tridthylamin in 10 cm* Benzol 2} Stdn. riick- 


flussgekocht Das schwerlésliche Addukt v rde abgesauet und durch Waschen mit Wasser vom 


lridthylammoniumchlorid befreit: 1:31 ¢ mit Schmp 248-253° (55°. d.Th.). Mehrfaches Umlésen 


auf 264-265:5 


aus Xylol steigerte den Schmp. der gelbgriinen, lebhaft fluoreszierenden Blattcher 


H, 5-46: N, 10-85 
H, 5-74 


302 mu (log +07) und bei 361 mu 


Zusammen- 


nester und Nitrile sowie Chinone 


Diphe \ irbonsdure-(5 thylester (XXXVII1D) Die Arbeitsweise B mit 3 


M Acrylsaure-at ester lieferte M bei 20 


Die Dehydrierung mit Chioranil edendem Xylol erbrachte 94°, d. Th. 1.3-Diphenyl-pyrazol- 
ca e-(5)-dit ‘ rt Nade t Schmp. 84-5-—8¢ Die Hydrolyse mit methanolischer 
Kalila eferte 88 | der Carbs e XX\ t Schmp. 222-225° (Zers Die Identifizierung 


mit dem Praparat S. 22 erfolgte Mischschmp d 1.R.-Spekts 
7 Molaquiva vir 


laropl en 


ib r Bi vel UDipolarop enia 4 Dieses Pha en wurde Dei der 


For heru iS. 5 beacht Die we e Bearbeit iss lehre »b eine Zwischenstufe 


Das zu 85 


XXXIX, 
Prazede la iusbleibender Nutrilb existiere Mit I i wird das ddukt 


n tdg K Xyl ro ( en farbl N des | 3 Dipheny 
cyan yrazols mit Schn 133-1358 sit bei 2240/cm ¢ leutliche Nitrilbande. Die Hydrolyse 


les Nitrils wurde durch 2-stdg. Riickflussh en mit der Mischu rleicher Volumina Schwefelsaure, 


de 
Eisessig und Wasser vorgenommert vobei 80 d.Th | mit 
Schmp. 225-—227° u. Zers. resultieret 

(XLI). g Diphenyl-tetrazol (9-0 mMol) 
setzten beim Zerfall in 7 cm® Zimtsdure-athylester bei 155-165 1 8 Std )7 des berechn tick- 
stofivolumens frei Nach Entfernur Py dae iderscnussige Zimtesters wurde aus Alkohol zu 2-86 £ 


hellgelben, kérnigen Kristallen mit Schmp. 113-116° umgelost (86% d.Th.). Da die Schmelzgrenzen 


milésen nicht enger wurden, vermuten wir XLI im Gemisch mit einem 
7zweiten Isomeren. 2-0 g des Gemischs (5-4 mMol) wurden mit 5-7 mMol Chloranil in 10 cm’ Xylol 
20 Stdr riickflussgekocht: die tibliche Aufarbeitung ergab farbl Nadeln mit dem weiten 


127-133°. Zweimaliges Umlésen aus Alkohol gab zu 50% eine Spitzenfraktion mit 


auch nach wiederholtem | 


Schmelzbereich 
Schmp. 142-145 Der Mischschmp. mit authent. 1.3.5-7riphenyl-pyrazol-carbonsdure-(4)-athylester 


(LV) lag bei 144-145". 


: 
(sel ( 83-71 
Die U.V.-Absorption von XXXVII mit Maxima bei 
(i 4.14) ldsst sich a er des | enzyls und der des Pyrazolinanteils =—__ 
ee setzen. Das I.R.-Pressli pektrum zeigt die NH-Bande bei 3335/cm 
Carbo 
d.Th. griinlichgelbe Nadeln mit 
Schn | 99-101 (Methanol). Es ergab sich kein Ar naitspul kt fur das Vorhandensein eines zweiten 
lsor cry 
C,.H,.N.O, (294.3) Ber. N, 9°52. Gef. N, 9-35 
ee itril nach 
Arbe cise B ekeit der 
A bscheiclumg 
; reversibel gebildet wird oder ob Komplex vy irgendweicher Art eine Rolle spielt. EZ”, 
d.Tt fallende Addukt t nach | ius Methanol bei 138-140 
C,.H,.N, (247.3) Ber C, 77:70: H. 5-30: N. 17-00 
Gef. C, 77-48; H, 5-59; N, 16°88 
che 
} 
anit 
4 


Ro Hurscen, Micuaet Sener, GONTER WALLBILLICH und HANS KNUPFER 


Arbeitsweise B mit 


26 
Dic 2 Moliquival. Zimtester siedendem Benzol fihrie zu 83°, 
: Versuche, durch fraktionierte K rc raphische Acsorp Aultre ng 
121-S-124-5 unscharf s elzend irde analysix 
Ce ( Hi N. 7-50 
1) | | ( 
Ln \ \ 
1) \ | ) 
4 
LP . ; 
Addukts D 
R 
( 
| 
G 
‘ 
‘ . 
‘ 
N. 2 \ 
Dic A MM 
he x \ 
D 
cut 


ee Diphenyl-nit ind seine 1.3-Dipolaren Additionen an Alkene und Alkine 2? 
a, mit dem I Addukt XLIV. | eres P . en. Ne t 
‘ basenh erten Stere XL\ ~XLIV k ch e M 
‘ ss en Ze 
Mol \ M ert. Dic 
fra 4 << . 
‘ 
\ 
r) 
\ 
‘ 
) ) 
\f XLV 
‘ 
) ) 
( H NO HS 
( H, 4 N_ 
> 3« 2-25 mMol VI 
yur 6¢ 2-M phthox Anisol 3 lussgekox 
re 61. 2124 
H R 62 > 


28 Rote Hurscen, Micuaer Semer, GONTeR WALLBILLICH und HANS KNUPFER 
Aufarbeitune wie bei XLIX gab 0-27 g farbl. Kristalle mit Schmp 245-247° (Chloroform). Das 
LR “Spektrum zeiet keine OH-Bande; dic ng bei | 


wellig 


Carbonvischwingu 780/cm ist auffallend kurz- 


H,.N.O, (3664) Ber 


(el 


1 auf dem Wasserbad 


n.)/0-003 


Die Arbeitsv 
180-215 (B 
bl. XXX\ t Sc p I Z 
ylaceta Die Ar isweise mit 9-O mMol VI 
np.)/0-001 Torr 


Misc 


des fat 


Das rote 2.4- Dir é razon milzt geg Der Aldehyd LIII wurde 2 Stdr 
mit nassem Silberoxyd in "lvkol gekocht von sauren kt 
1.3-Dipheny } hmp. 22 u. Zers., ohne Depression mit 


neben wurden 3 irlck 
f Ergebnis der Arbeitsweise B mit 


nd neutralc 


il. Propiolséure-methylester krista Methanol 71 des Addukts LIV in 
farbl. Nadeln mit Schmp. 109-111 nach mehrfachem | n stieg der Schmp. aul 5-112-5 
C,-H,,N,.O, (278:3) Ber C, 73-37: ( N. 10-06 
N, 10-25 


Gel 
Die Hydrolyse mit methanolischer KOH gab quantitativ die bel 224-226 u. Zers. schmelzende 


(XXV) 
ter (LV). Der Zerfall von 54mMol VI in 4g 
144-145 


Nadeln (84°, d.Th.) mit Schmp 


yle 
Phenyl-propiolsaure-athylester fiihrte zu 1°67 ¢ farbl 


(Athanol) 
C, 78-24: H, 5-47: N, 7-60 


(368-4) Ber 
77:94; H, 5-48; N, 7°77 


Gel 


Zur Konstitutionsermittlung wurde LV mit methanolischer KOH verseift zu 90°< d.Th. einer 
Dass es sich um die ] 3.5- 


farbl. Carbonsiiure, die bei 239-241° unter Gasentwicklung schmilzt 
Triphenyl-pyrazol-carbonsdure~(4) handelt, ging aus der Decarboxylierung bei 245° hervor. Zu 97%, 


“. F, Wille und R. Strasser, Dissertation Strasser, Universitat Miinchen (1959). 


- 
C,. 78:66; H, 4-95; N, 765 
C, 78:39; H, 4:75; N, 7°68 
1.3.5-7 en) yzol (LI) 30 mMol VIII wurden in 3 cm® Phenylacetylc 
rhitzt it f 10 Triat mut ersetzt Nac 0 Min. lessen wu — 
rt 15°, d. Th. A > und destilliert Das bei 130-150° (Badtem mm 
Torr Ub« le rote UO rd Be \ W oc basisch, Akt. 1) adsorbiert 
nd mut | Benz ert. Der Rucks ad ren | e wurd Methanol umg 
0-28 ¢ farbl. LI (72 138 139-5 s D yimet ind Phenylhydrazin 
bereitetes Vergleichspr irat (1 37-138 ) zeigte ler Mis KCINC Depression 
(296-4) Ber C, 85-11; H, 5-44; N, 9°45 - 
Gef. C. 8477; H, 5-68; N, 945 
1.3.4.5-Tetraphenyl- j (XXXV). 9-0 mMol VI setzten beim Erhitzen mit 4 g Tolan (24 mMol) 
in 6 Stdn. bei 155 2 N, fre 14 ¢ Addukt (34 k sierten aus Alkoho farb 
i: bei 215-217° schn len Blat Keine Erniedrigung des Mischschmp t dem Dehydrierungs- 
produkt der Stilben-Addukte 
(372-4) Ber. N, 7:52. Ge N, 7:39 
A ubergehenden onne Kristal il stenaen, Wa Lt it ig 
is 20 Dioxa nd 10 cn Salzsaure 48 Std Raumtemp. hydrolysiert. Zu 79 
d.Th. resultierte der 1.3-Diphenyl-pyrazol-aide (5) (LIN). der aus Alkohol in farbl. Nadeln mit 
Schmp 138-140 kan 
C,,H,.N.O (248:3) Ber ( 40: H, 4:8 N, 11-29 
Gef. C, 77-80; H, 5-16; N, 11:27 
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d.Th. wurde LI mit Schmp. 137-139° gefasst; der Mischschmp. mit dem Phenylacetylen-Addukt 
zeigte keine Depression 

1.3- Diphenyl-pyrazol-dicarbonsdure-(4.5)-dimethylester (LV1). Das Produkt der Arbeitsweise A 
mit 90 mMol VI und 5 cm* Acetylen-dicarbonsaure-dimethylester ging bei 210-230 (Badtemp.)/ 
0-001 Torr als rasch erstarrendes Ol iiber. Aus Alkohol schieden sich 70 g farbl. Nadeln (56% 
d.Th.) mit Schmp. 153-154° ab (Lit."* 150-5—-151-5°) 


(336°3) Ber. C, 67-85; H, 4-80: N, 8-33. 
Gef. C, 67-78; H, 4-94; N, 8-23 


Die aus LVI mit KOH in Methanol erhaltene Dicarbonsdure schmolz bei 198-200° u. Zers. 
(Lit.'* 192-193°) und zeigte ein Saureaquivalent von 170 (Ber. 154). Durch 30 Min. Erhitzen auf 200 
wurde sie in die | 3- Diphe nyl-pyrazol-carbonsdure-(4) libergefiihrt, die nach Umlésen aus Alkohol 
Schmp. 201-203" (Lit."* 202-203") und ein Séuredquivalent von 270 (Ber. 264) aufwies 


Der Deutschen Forschungsgemeinschaft und dem Fonds der Chemischen Industrie danken wir 
fiir die wirksame Férderung der Untersuchung. Fiir die Ausfihrung der Mikroanalysen sei Herrn 
H. Schulz und Frau S. Scholz, fiir die Aufnahme der U.\ -Spektren Fri. I. Ziegler bestens gedankt. 
Fiir die freundl. Uberlassung von Chemikalien schulden wir den Farbwerken Hoechst (Frankfurt). 
den Farbenfabriken Bayer (Leverkusen), der BASF (Ludwigshafen), der Du Pont de Nemours 
(Wilmington, U.S.A.) und der Deutschen Shell A.G (Hamburg) grossen Dank 
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THE CHEMISTRY OF PERMALEIC ACID 


R. W. Wuite and W. D. Emmons 


Research Laboratory, Rohm and Haas Co., Philadelphia 37, Pa 
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Abstract—The preparation and reactivity of permaleic acid have been investigated, and its utility as 


an oxidizing agent has been demonstrated. 


ALTHOUGH many organic peracids are well known and have been well characterized. 


no report of the preparation or utility of permaleic acid has appeared in the literature. 


We have found that solutions of permaleic acid (1), prepared from maleic anhydride 


and hydrogen peroxide in an inert solvent, 


C,H,O, + H,O, HOOC—CH—CH—CO,H 


provide a very convenient and occasionally superior means for the oxidation of 


(1) ketones to esters (the Baeyer-\ illiger reaction) 


(2) negatively substituted and simple anilines to the corresponding aromatic nitro 


compounds. 


(3) certain olefins to epoxides. 


Previously it has been possible to effect most of these oxidations using either 


peracetic, perbenzoic, or perphthalic acid or the more recently de eloped trifluoro- 
peracetic acid. However, all of the older methods suffer from disadvantages: 


1in a solvent system which is strongly buffered 


trifluoroperacetic acid must often be usec 


by inorganic salts while the other peracids are quite slow in some oxidations. The 


rate of permaleic acid oxidations is nearly as great as that of trifluoroperacetic acid. and 


permaleic acid may be used in a non-buffered system. A .permaleic acid solution in 


methylene chloride is reasonably stable. decomposing to the extent of 5 per cent in 6 


hours at ambient temperatures. 


[he experimental results have been summarized in Tables 1-3 along with the 


physical constants of the products obtained. In all cases, the constants obtained were 


identical to those found in the literature. The reactions were carried out by simply 


adding a solution of the reactant to a solution of permaleic acid in methylene chloride 


held at the appropriate temperature. As the reaction proceeds, maleic acid precipitates 


from the solution and may be removed by filtration when the oxidation is complete. 


The products were then isolated by conventional means 


While permaleic acid is not quite as potent a peracid as trifluoroperacetic acid. it is 
I 


a much stronger oxidant than other laboratory peracids. It also has the advantage of 


being easily prepared and used without any intermediate transfers, and of having a 


reduction product which is insoluble in the media used. The solution of permaleic acid 


contains only 20 mole per cent maleic acid as compared to the 60-70 mole per cent of 


free acids in the solutions of normal peracids prepared from anhydrides and hydrogen 


peroxide. No external buffering system was found necessary for the oxidations 


1D. Swern, Ore. React. Vol. VII, 435 (1953) 
2 W. D. Emmons and G. B. Lucas, J. Amer. Chem. Soc. 77, 2287 (1955) 
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described here. The peracid was prepared and used in solution; when the concentra- 
tion of permaleic acid exceeded 10-15 per cent a second heavier layer appeared. This 


new layer contained a larger amount of peracid than solvent, as shown by iodimetric 
titration, but formation of this layer did not interfere with oxidation reactions if 
efficient stirring was maintained. 

The greater activity of permaleic acid as compared to peracetic, performic, or the 
aromatic peracids Is attributed to the lower basicity and higher stability of the mono- 
anion of maleic acid compared to the other acid anions. The combination of low 
basicity and high stability allows the electron-deficient oxygen in the transition state 
to be transferred to the substrate at a lower net energy cost. In the Baeyer-Villiger 
oxidation an additional effect may be partially resp mnsible for the increased activity of 
permaleic acid since it was previously shown that the rate-determining step of this 
oxidation is the acid-catalyzed decomposition of the peracid-ketone complex.’ An 
examination of the molecular model shows that in the transition state the acidic 
hydrogen on the carboxyl group of permaleic acid is in close proximity to the oxygen 


of the peracid grouping on which 1s dev cloping a negative charge 


This autocatalysis will result in a transition state with a more favorable entropy of 


activation ! the pern aleic acid oxidation as compared to other peracids 


Ketone oxidatior The Baever-Villiger reaction (Table |) has been reviewed* and 


Substrate ction Product 


115-116 
§2-54° (10 mm) 


Methyl isobutyl ketone 


Dusobuty! ketone 


Octanone-2 eX) tate 56-58" (10 mm) 


id lactone 73-74 (9 mm) 


144 


Cycloéctanone 


Estrone acetate 
Pheny 

Phenyl acetat 89-90 7 mm) 
Benzy! benzoate 


*henyl phenylacetate 


Benzophenone 
Acetophenone 


Desoxybenzoin 


solution at reflux, with a 70 per cent 


» ketone was formed in nearly quantitative amount 
ind H. Ott neew. Chem. 70, 312 (1958) 


7S per cer consisting of 86 per cent benzyl ben- 
sis 


zoate and 14 per cent of pl 


> M. F. Hawthorne and W. D. Emmons, J. Amer. Chem. Soc , 6398 (1958) 


H. Hassal, Ore. React. Vol. 1X 73 41957) 


TaABLe |. OXIDATION OF KETONES TO ESTERS ‘ 
Yield 
b.p 
( ) 
(nr) 
74 
Isobutyl acetate 2 
3 lsobuty! lerate 83 
67" 
40 
0 
70 
Unless otherwise noted, reactions were run in methylene chloride 
excess of peracid to kcto 
7 Yield based on 1.R. analysis cf. R. Huisgen 
See experi 


The chemistry of permaleic acid 


has been shown to proceed well on simple aliphatic ketones with only one oxidant, 
trifluoroperacetic acid, where buffering of the solution was needed to prevent trans- 
esterification of the product by the free trifluoroacetic acid. We have found that 
permaleic acid oxidized all classes of ketones smoothly and easily to the corresponding 
esters, with no noticeable transesterification of products. A greater tendency toward 


selective migration is noted using permaleic acid in contrast to trifluoroperacetic acid. 


When desoxybenzoin was subjected to the action of permaleic acid, both possible 


products, benzyl benzoate and phenyl phenylacetate were found, but in a 7 : | ratio 


as compared to a nearly | : | ratio when trifluoroperacetic acid was used as oxidant.® 


rhe greater selectivity when permaleic acid is used may be attributed to the lower 


reactivity of maleic acid as a leaving group when compared to trifluoroacetic acid. 


TABLE 2. OXIDATION OF AROMATIC AMINES 


Substrate Product 


p-Nitroaniline 


2,.4.6-Tribromoaniline 4.6-Tribromonitrobenzene 122-124 90 
2-Naphthylamine 2-Nitronaphthalene 77-79 40 


CH.Cl 1 molar ratio of peracid to aniline 


Reactions run 


lhe lower reactivity necessitates that the migrating group supply more driving force in 


the rearrangement, permitting a greater selection of the group which migrates. 


Oxidation of aromatic amines. The oxidation of aromatic amines to nitro com- 


pounds using peroxyacids has been previously described.*.’ Because of the experi- 


mentally simple techniques, permaleic acid may serve to supplement and extend this 


reaction (Table 2). The oxidation of 2-naphthylamine to 2-nitronaphthalene using 


peracids has not been reported; when trifluoroperacetic acid was used as oxidant, 


overoxidation occured with formation of phenolic products. If permaleic acid is used 


+ 


a 40 per cent yield of 2-nitronaphthalene is obtained. Unsubstituted and negatively 


substituted anilines quickly and easily yielded the corresponding nitrocompounds in 


high yield, while anilines with strongly electron donating groups were themselves 


overoxidized to phenolic products by permaleic acid. 


Epoxidation. The olefinic link in the permaleic acid molecule is not subject to 


attack by the reagent itself. Internal olefins such as 9-nonadecene or |-methylcyclo- 


hexene reacted extremely rapidly with permaleic acid at 0° but no oxirane could be 


isolated. Instead only products which can be derived from an acid-catalyzed attack on 


the intermediate epoxide such as ketones or diol monomaleates were isolated. No 


search for buffering conditions to prevent this facile ring-opening was made. If the 


double bond is deactivated by being in a terminal position or by conjugation epoxida- 


tion was possible with no buffer system (Table 3). Thus at 0° octene-| yielded octene-| 


oxide in 80 per cent yield, while at 25 only a 40 per cent yield was obtained along with 


a large amount of diol monoester. Methyl «-methyl glycidate could be prepared in 


74 per cent yield by epoxidation of methyl methacrylate. It should be noted that the 


oxidation of deactivated olefins with peracetic acid prepared by air oxidation of 


®* M. F. Hawthorne, W. D. Emmons and K. S. McCallum, J. Amer. Chem. Soc. 80, 6393 (1958) 

* J, D’Ans and A. Kneip, Ber. Dtsch. Chem. Ges. 48, 1144 (1915): F. P. Green pan /ndustr. Engng. Chem. 
39, 847 (1947); E. Bamberger and F. Tschirmer, Ber. Disch. Chem. Ges. 32, 1675 (1899): W. D Langley, 
Org. Synth. 22, 44 (1942) 

7 W. D. Emmons, J. Amer. Chem. Soc. 79, 5528 (1957): 76, 3470 (1954) 


33 
ee 
: 
m.p Yield 
p-Dinitrobenzen 171-173 87 


R. W. Watrre and W. D. Emmons 


Taste 3 OXIDATION OF OLEFINS 


Substrate Product b.p Yield (",) 
u al 
Octene-! oxide (10mm SO 
Methy! methacrylate Methyl 2-methylglycidate 50° (16 mm) 4 
R 
preparal of thus acetic a ) pecia iC normall 
availabic eX PERIMENTAI 
\ 
( O per ce droge 
. 
| 
\ 
. 
19, 84 


Tetrahedron, 1962, Vo 


SOME RECENT DEVELOPMENTS IN THE PREPARATIVE 
PHOTOLYSIS OF ORGANIC NITRITES 


L. NussBAUM and C. H. Ropinson 
Products Research Depart nt, Schering Corp 
U.S.A 


INTRODUCTION 


has increased 
se only with 


the agency of 


The photocl 
Thompson and 
ry 
i nin 


vapour-pnhase irradiation 


For 


ge 
pp. 35 to $9. Pergamon Press. Lid. Printed in Northern Ireland 
» 
N — 
( Recei ed 28 De miber 
THE use of photochemical reactions in preparative organic chemistry’ ‘ 
consideraDdly during © last twe Y years Many Structures access : 
+} It, } TY) nt | 
difficulty by more conventional means have been made available by Pt 
radiant energy 
One of the most common Primary p tochemical pr sses 1S the homolytic 
an apy ate vive “ C Caen CONLaINING an 
unpaired eciectro The subsequent these free radicals determines the synthetic 
OF SUCN ene Cal | cesses 
OUIG appeal In Organic nitrite esters 1s particu- 
rly ntih molv« tter nr nat n 
larly susceptibk s. The latter process does ecess y have to result 
irom photochemical activation: on the contrary. most of t teratur nt lecom- 
erature e de m 
position Of nitriles Gescrides py C ce ires In the present reviev wever 
special empnasis pe given to p \ since the [fragments thereby produced are 
CHuUowea Wilh energy resuil sudsequent Denavior not otherwise 
attainaDie 
ic a ve ece geveioyT Cia IS The PNHOTOIVIIC position of 
nitrites to we DY a Stel ntrat rogen 
ad ere ec ecula ge 
aOstrac ine Tec ‘ CSU ng carbon radicals with NO 
to its nature will fort e core ort revicy 
EARLY WORK 
istry Of organic Ics SOC S$ to Nave Deen investigated first Dy 
colleagues. Pre ary studies were reported® by Purkis and 
nd in the tol wing vex pson and Dainton cescribded* the 
elegant review of the « es ct, see A. Sc erg, / a 
science, Ne y k ‘ 
See ar rtic “Optic Pun 4. L. Blo timer. 203, 72 
H. Purkis iH. W. 7 32, 146¢ 
* H. W. Thompson and F. S. D ton, Tra 33, 154 / 


%6 A_ L. Nusseaum and C. H. Ropinson 


the full mercury arc and filtered radiation.® Their qualitative data were interpreted on 
the basis of decomposition to the NOH radical, together with an aldehyde, ketone or 


unsaturated hydrocarbon (or a combination of these) 
H 


R—C—O--NO -+ R-—-CHO 


H RHicO | 
RCO.H 
N... 
This interpretation of nitrite photolysis differed from the mechanism which had 
already been proposed*’ for gas-phase pyrolysis of organic nitrites, namely O——-NO 
fission (as the primary step) giving an alkoxy radical and NO followed by the forma- 


tion® of carbonyl compounds and alcohols (disproportionation) 


e.g. RCH,O—NO RCH,O- + NO 
2RCH,O- -» RCHO RCH,OH 
The Thompson—Dainton mechanism for nitrite photolysis remained untested for 
eleven years until Coe and Doumani’ re-investigated the vapor phase photolysis of 
t-butyl nitrite, using a mass spectrometer for analysis of the gaseous products. The 
initial decomposition products, acetone and nitrosomethane," were accounted for by a 


primary dissociation as shown 
(CH,),C—ONO (CH,),CO CH,NO 


Not only is the production of acetone and nitrosomethane at variance with the 
mechanism originally* proposed for nitrite photolysis, but the products required by 
that mechanism were shown to be absent by mass spectrometric analysis. 

In 1952, Gray and Style’ examined the photolysis of methyl nitrite over a wide 


temperature range, using filtered mercury vapor radiation, and proposed, as the 


primary step, O—NO fission analogous with the Steacie mechanism for nitrite 


pyrolysis. 

A more extensive investigation,’ reported by Tarte, involved the photolysis of 
primary, secondary and tertiary alkyl nitrites. Two decomposition mechanisms were 
considered. The first, like the proposal of Gray and Style, requires O—NO homolysis 
as the initiating step. Nitrosoalkanes can then be formed either through recombination 
or secondary reactions between radicals and other nitrite molecules. 

The alternative pathway (preferred by Tarte) ts identical to that suggested by Coe 
and Doumani and invokes molecular rearrangement leading direct/y to nitrosoalkanes 


} The filtered radiation consisted of the 3650, 3655 and 3663 A triplet, which is absorbed by the nitrite 

group but should not lead to subsequent photolysis of ketonic ind aldehydic reaction products 

* EF. W. R. Steacie and G. T. Shaw, J. Chem. Phys. 2, 345 (1934) and subsequent papers See also E. W. R. 
Steacie, Alon ind Free Radical Reactions (2nd Ed.) Vol. 1, p. 239. Reinhold, New York (1954). 

7 F. O. Rice and E. L. Radowskas, J. Amer. Chem. Soc §7, 350 (1935) 

* These pyrolysis studies were confined to primary and secondary lower alky! nitrites Subsequent investiga- 
tions have en passed the pyrolysis of both tertiary and higher molecular weight alkyl nitrites, and it is 
now recognized that alkyl radicals and nitrosoalkanes also result from such pyrolyses. See P. Gray, 
P. Rathbone and A. Williams, J. Chem. Soc. 3932 (1960) for a summary of the recent literature on nitrite 
pyrolyses 

*C. S. Coe and T. F. Doumani, J. Amer. Chem. Soc. 70, 1516 (1948) 

© Rapid dimerization of the nitrosomethane was observed 

1 J A. Gray and D. W. G. Style, Trans Faraday Soc. 48, 1137 (1952) 

12 P Tarte. Bull. Soc. Roy. Sci. Liége 22, 226 (1953) 
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and carbonyl compounds. The latter workers had objected to the existence of methyl 
free radicals in the photolysis of t-butyl nitrite because of the absence of detectable 


amounts of ethane. 
Gowenlock and Trotman" also scrutinized the gas phase photolytic decomposition 


of alkyl nitrites. Their product analysis was limited to ultraviolet absorption measure- 


ments which showed that nitrosoalkanes™ were formed in low yield. Because these 


workers were particularly interested in the latter class of compounds and because of 


accompanying oxime formation their photolysis studies were not continued. 


The photochemical investigations surveyed above have provided two reaction 


pathways. These two apparently distinct interpretations—i.e. intramolecular decom- 


position with direct generation of nitrosoalkane and a carbonyl compound vs. initial 


homolysis of the O—NO bond to give an alkoxy radical and NO—may be reconciled by 


postulating the following state of affairs: the nitrite does indeed suffer homolysis, and 


the resulting alkoxy radical may undergo rapid decay to give a carbonyl fragment and 


an alkyl radical. The latter, however. immediately combines with NO which is in close 


proximity to it, in preference to the alternative recombination with a more distant 


second alkyl radical. At any rate, nitrite photolyses are now believed to involve 


alkoxy radicals, and a substantial body of recent work” supports this point of view. 


THE ALDOSTERONE PROBLEM 


The current interest in nitrite photolysis which occasioned this essay arose from the 


application of such a photolysis to an efficient partial synthesis of aldosterone. This 


is not the first time that a preparative method of organic chemistry has found a fruitful 


area of development in the field of steroids: the use of N-bromosuccinimide™ and 


of manganese dioxide" are notable examples of a similar nature; the importance of 


the steroids in biology and the advanced development of physical and chemical 


methods in structure correlation have made this class of compounds a favored proving 


ground for a variety of novel, or heretofore obscure, chemical transformations. 


The powerful salt-retaining hormone of the adrenal cortex, aldosterone (1), differs 


from the great majority of steroids found in nature by virtue of oxygenation of the 


CH.OH 


angular methyl group at C-13. This substituent exists in the form of a masked 


aldehyde. 


13 B. G. Gowenlock and J. Trotman, J. Chem. Soc. 4190 (1955); 1670 (1956). 
4 The nitrosoalkanes produced by photolysis were assumed to be the same (on the basis of ultraviolet 


absorption maxima) as those formed by pyrolysis of the same nitrites 
1 See P. Gray and A. Williams, Chem. Rev. 59, 239 (1959). 
16 C. Djerassi, Chem. Rev. 43, 271 (1948) 
7 R. M. Evans, Quart. Rev. 13, 61 (1957). 
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In order to arrive at a synthesis of such a structure, the following approaches have 
been utilized 

(A) Total synthesis from simple, non-steroidal starting materials. This requires 
resolution of a racemic mixture. 

(B) Fission of ring D of a steroid precursor devoid of C-18 oxygenation, introduc- 
tion of a desired substituent into an angular methyl group temporarily activated by 
adjacent substitution, followed by reconstitution of ring D. The latter operation has 
been beset by great difficulties. 

(C) Utilization of naturally occuring steroidal structures already possessing 
functional substituents at the C-18 angular methyl group 

(D) Oxygenation of C-18 by enzymatic means. 

(E) Novel chemical means duplicating this enzymatic selectivity for an isolated, 
non-activated angular methyl group. 

For a variety of reasons, the last-named approach has proved to be the one by 
means of which a great portion of the available synthetic aldosterone has actually been 
synthesized The problem, as stated in the review mentioned above," was to find 
“neuartige partialsynthetische Methoden, die auf einer breiten Base eine direkte und 
selektive Substitution der reaktionstrigen Methylgruppe 18 von intakten Steroiden 
erlauben”. A number of such methods have, in fact, been recently developed. 

In general, means were chosen to generate a highly reactive species (free radical, 
diradical such as uncoupled carbonyl, carbene, or a cationic species such as RO*) of 
high energy content, which was located close in space to the methyl group, thus per- 


mitting the desired direct and selective attack. These methods included the Hofmann 


Léffler—-Freytag reaction (transforming 20-amino compounds to conane derivatives), 


generation of carbene at C-21 via diazoketone with subsequent attack on C-18, 


photochemical cyclization by the irradiation of C-20 ketones and, most fruitfully, 
formation of 18,20-ether linkages by the action ol lead tetraacetate on 20-hydroxy 
compounds. The more important factors which should be considered in reactions of 
the general type described are (1) availability of starting material, (2) specificity of the 
reaction for the desired site—i.e. the reaction should tolerate the presence of a variety 
of non-interfering functional groups in the molecule, thus permitting a short synthetic 
sequence, and (3) efficiency of the process selected to assure a high degree of conversion 
to the desired product 

These considerations led D. H. R. Barton to select nitrite photolysis as a potentially 
useful tool for the general end in view. As can be seen from the discussion above, 
nitrites are a good source of alkoxy radicals. Generation of such an alkoxy radical, 
suitably located within the framework of the relatively rigid steroid molecule, might 
result in intramolecular hydrogen abstraction from a preselected site. (The excited 
energy state of the alkoxide radical, as guaranteed by its photolytic origin, might make 
such abstraction predominate over the relatively trivial disproportionation to the 
ketone). The resulting carbon free radical would then decay in a characteristic manner 
and, depending which of the various possibilities were to predominate, might be useful 
in such special aims as aldosterone synthesis. 

The experimental work, carried out at the Research Institute of Medicine and 
Chemistry (RIMAC) in Cambridge, Massachusetts, demonstrated that nitrite 


* This subject has been ably reviewed in a recent article by K. Schaffner, D. Arigoni and O. Jeger, Experi- 


entia 16, 169 (1960), which should be consulted for leading references 
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photolysis did indeed result in intramolecular hydrogen abstraction from a desired 
site. Moreover, the resulting free radical underwent chain termination by recombina- 
tion with NO, presumably the very NO generated by the original photolysis, to form 
the derived nitroso derivative isolated as the oxime. Thus, direct introduction of 


functionality into an unactivated position had been achieved; a functionality, more- 
over, which could be easily converted to an aldehyde or a variety of other chemical 


structures, 

As applied specifically to the synthesis of aldosterone 21-acetate," this involved the 
conversion of corticosterone acetate (2, R=H, X=H,) to its nitrite (2, R—NO. 
X=H,). Irradiation of the latter caused precipitation of aldosterone acetate oxime 


CH.OAc CH.OAc 
OH 

C 

CH O CH 


2 


(2, R=H, X—NOH) which was hy lrolyzed to the desired aldosterone acetate (3) with 


nitrous acid. 


RECENT DEVELOPMENTS 


The remainder of this review will be devoted to a desc1 ption of experiments which 


have been carried out at RIMAC and in the laboratories o 


‘the Schering ¢ orporation 


with the aim of exploiting the Barton Reaction and delineating its scope. If nitrite 


photoly SIS does indeed Live rise lé alkoxide free radic ils. then it would be u eful to 
consider the following reactions from the point of view of alkoxide radical. chemistry. 
and we find it convenient to use the classification of Grav and Willi 3, as Outlined in 
their excellent review According to these authors, alkoxide radicals may react by any 


of the following pathways 


(1) Association with other radicals, including dimerization 


(2) Addition to unsaturated compounds. 


(3) Hydrogen abstraction from another molecule. 


(4) Disproportionati: yn 


(5) Rearrangement, including internal hydrogen abstraction. 


(6) Decomposition by carbon or hydrogen elimination 


Several of these pathways have been observed in nitrite photolysis and have already 


been described: we shall deal with others in due course. 


[he Barton Reaction is clearly an example of intramolecular hydrogen abstraction. 


Energetically, this is not a favored step, since ““C—-H bond fission is expected to play 


only a minor role in the decomposition of alkoxyl radicals.”2° However, the energy 


is not the only factor to be considered. McBay and Tucker”! enumerate, in addition, 


a steric and a repulsion factor; clearly, the steric factor must play a very considerable 


role in the Barton Reaction, and in any case. the photolytic origin of the presumed 


'? D. H. R. Barton and J. M. Beaton, J. Amer. Chem. Soc. 82, 2641 (1960) 
2° See ref. 15, p. 276 


#1 H. C. McBay and O. Tucker, J. Org. Chem. 19, 869 (1954) 
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alkoxy radical, because of the high energy content of the latter, would be expected to 


facilitate pathways otherwise thermodynamically unfavorable. 
A more detailed consideration of the steric factors involved in intramolecular 


hydrogen abstraction suggest the existence of a six-membered transition state (4). 


4a°R eH. R.= CH 


1 bv Davis and Noves™ in connection with the 


Structures of this ty pe were first proposed 


irradiation of ketones. and have recently been discussed by Yang™ and the Swiss 
authors previously quoted."* Such a concept would predict attack on the hydrogen of 
a carbon atom removed by two from that holding the active abstractor, a course which 
is actually observed. Incidentally. a transition state as pictured in 4 would also help to 
explain the observation that t vield of 18-oxime f1 1 a 20z-nitrite is much higher 
than from the c« esponding 20 some! cxaminatt Tithe odel (4) shows that the 
proposec transition State of the fk er { is Steric y preferable to the latter (b), since 
in 4a the bulkier methyl group points away from the rest « f the molecule, whereas in 4b 
distinct hindrance with the rear of the steroid molecule, especially at C-12, is mani- 
festiv opserved 


formation of a six-membered transition state in the 
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Barton Reactio co estrom the Work oO! Kabas ikaian ¢ a who studied the photo- 
‘ lysis of aromatic alkyl nitrites in solution. 3-PI enyl-l-propy! 1itrite did not give rise 
~ C 
C ‘ 0 C > 
j 8 
W. Da J iW. A. No j l Amer. Che s 69, 21 (1947) 
N.C. ¥ D. D. H.Y J. Amer. ¢ 80, 
‘A. L. Nu F. E. < E. P. Oliveto. E. Townley, P. Kabasakalian and D. H. R. Barton, J. Amer 
Ch 82. } 
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to any nitroso dimer: the postulated 5-membered ring transition state (5) apparently 
did not form, in spite of the predicted ease of benzyl-hydrogen abstraction. 4-Phenyl- 
1-butyl nitrite can form a six-membered transition state (6) and isolation of the corre- 
sponding nitroso-dimer supports this view. A particularly intriguing instance is the 
next higher homologue, 5-phenyl-! pentyl nitrite. This compound undergoes hydro- 
gen abstraction at C-4 (7) rather than C-5 (8); apparently the advantages to be gained 


from a six-membered vs. a seven-membered complex outweigh the greater ease of 
benzyl—hydrogen abstraction. 
We shall now proceed to enumerate systematically the results so far obtained in an 


investigation of the Barton Reaction. 


1. INTRAMOLECULAR HYDROGEN ABSTRACTION 


A. Termination with NO 


1. Formation of oxime 


[he recombination of a carbon radical with NO is not unprecedented: NO is a 


well-known radical trap.*’ The resulting monomeric nitroso compound may then 


dimerize (see next section) or rearrange to the oxime. Such recombinations have been 


observed for a large number of cases, the mode of alkyl radical generation ranging 


ranging anywhere from the thermal decomposition of peroxides* or alkyl mercury 


derivatives” to the direct irradiation of certain organic compounds by means of 


y-Tays [he process in which alkyl free radicals are generated by irradiation of 


hydrocarbons in the presence of nitrosyl chloride to give oximes was first described by 


Lynn,*' and this and related procedures have been investigated in great detail by 


Miller and his school:*2 eventually an economically important synthesis of cyclo- 


hexanone oxime resulted. 


The Barton Reaction proper was first applied to steroids, as has already been 


discussed. In the aldosterone synthesis.”” hydrogen at C-18 is abstracted by an alkoxy 


radical at C-11: the six-membered transition state 9 appears convincing. The postu- 


lated intermediate nitroso-monomer 10 resulting from recombination of the C-18 


10 


9 


radical with NO does not dimerize. presumably because steric factors prevent the 
convergence of two steroid molecules, but rearranges to the oxime (2, X = NOH) 


instead. 


*7 See N. N. Semenov, Angew. Chem. 69, 775 (1957): C. N. Hinshelwood. Jhid 69, 446 (1957) 
** J. H. Raley, F. F. Rust and W. E. Vaughan. J. Amer. Chem. Soc. 70, 88 (1948) 
** W. A. Bryce and K. U. Ingold, J. Chem. Phys. 23, 1968 (1955) 
’ A. Henglein, Angew. Chem. 72, 603 (1960) 
“" E. V. Lynn, J. Amer. Chem. Soc. 41, 368 (1919) and later publications 
* E. Miller, H. Metzger, D. Fries, V. Heuschkel, K. Witte, E. Waidelich and G. Schmid, Angew. Chem, 
, 229 (1959) 
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Subsequently, this general procedure of attack at C-18 via the |l-nitrite was 
broadened and resulted in the synthesis of ?1-desoxvaldosterone™ (11-16) and 19- 


noraldosterone.™ (17-19) Both syntheses are outlined in flow-sheet form 


ct 
(24) Alkali 


19-norcortl- 


In their original 
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independent lines of inquiry. Thus, oxidation and acid hydrolysis of the nitrile 32 
(analogous to 29) gave rise to 3,20-diketo-4-pregnen-18-oic™ acid 33 identical with a 
material derived from the steroidal alkaloid conessine.” 

CH, 


Similarly, hydrolysis and oxidation of the progesterone analogue of 27 (20/) gave the 
20f-lactone 34, identical with a substance derived from holarrhimine Finally a 

U 


0 


34 35 


corresponding hydrolytic oxidation of the isomeric 20x-oxime led to the 20x-lactone 35 
$2.43 


also derived from paravallarine 
A third position in the steroid molecule investigated as to the course of nitrite 


NO NOH 


CH. CH 


36 


* R. Pappo, J. Amer. Chem. Soc 81, 1011 (1959) 


“| L. Labler and | Sorm, Chem & Ind. 935 (1960) 


42 J. LeMen, Bull. Soc. Chim. (Fr.) 860 (1960) 
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in either providing samples or carrying out the necessary comparison 


. 
CHOH cn © 
= CN 
Gi 
ry 
32 
CH, 
OH 4 
0 
~ 
* 
| | | 
| 
AcO AcO 
OH 
ONO OH 
= 37 38 
¢ 


Some recent developments in the preparative photolysis of organic nitrites 45 


photolysis was C-6/.%" The nitrite derived from cholestane-3/,6f-diol 3-acetate 
(partial 36) was irradiated,*** and the resulting nitroso dimer 37 (see below) was con- 
verted to the 19-oxime 38 by refluxing in 2-propanol. In this instance, as in all those 
preceding, a six-membered transition state would seem to be required for internal 


hydrogen abstraction. 

As was stated earlier, the primary product of the Barton Reaction is considered to 
be a nitroso compound, which may either dimerize (see next section) or rearrange to 
the oxime. The latter substance, however, may itself react further under the proper 


HO 


CH,OAc 


43 


circumstances. Thus, an examination®* of the mother liquors of the aldosterone 
18-oxime obtained from the irradiation of corticosterone acetate 11-nitrite’® (2, 
R = NO, X H,) showed the presence of nitrone; the latter was also obtained by 
thermal treatment or refluxing in methanol, of the oxime." This transformation is 
pictured in 39-43 

434 J. M. Beaton, personal communication 


4% For nitrone formation from nitroso compounds, see W. J. Hickinbottom, The Chemistry of Carbon 
Compounds (Edited by E. H. Rodd) Vol. IIIA, p. 151. Elsevier, Amsterdam (1954). 
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Formation of nitroso dimer 


Attention has already been called to the fact that the postulated monomeric nitroso 


compound resulting from the Barton Reaction may dimerize (see preceding section). 


An instance of this kind in the steroid series has been reported (vide supra, 37). 

In the absence of steric factors unfavorable to dimerization of the intermediate 
mononitroso precursors, dimerization Is indeed widely observed. P. Kabasakalian and 
his co-workers of these Laboratories have recently begun a detailed study of the 
photolysis of simple organic nitrite esters In contrast to earlier work, their experi- 
ments were carried out in solution: this would presumably favor the Barton Reaction 
and interaction with solvent molecules. Rigorous qualitative identification of reaction 
products was carried out in many cases; in others, quantitative estimation by ultra- 
violet spectrometry was employed. 

As an initial study,“ the photochemistry of n-octyl nitrite (44) was investigated. 
When the reaction was carried out in heptane (no oxygen present), the principal 
product was found to be the dimer of 4-nitroso-l-octanol (45). The latter was therm- 
ally isomerized to oxime 46, which was oxidized and hydrolyzed to 4-ketoéctanoic 


CH,(CH,),CH,ONO [CH,(CH,), CHNO(CH,), CH,OH), 
44 45 


CH,(CH,),CO(CH,),CO,H CH,(CH,), C (CH,),CH,OH 
47 NOH 46 


—» CH,(CH,), CH(CH,),—C=—O 


——— 
acid (47). Reduction of the ketone gave a hydroxyacid convertible to the y-lactone (48). 
These transformation products were known compounds® which had been prepared 
earlier in these same Laboratories. 

No substitution in any but the 4-position could be observed: this strongly supports 
the concept of a six-membered cyclic transition state. The notion that the initial step is 
dissociation of the nitrite to alkoxy radical and NO is buttressed by the finding that 
the addition of excess NO drastically reduces the quantum yield of the reaction: the 
reverse of the dissociation 44 to 49 would result in just that. 

CH,(CH,), CH,O- + NO=—> CH,(CH,), CH, ONO 
49 44 

The photochemistry of certain aromatic alkyl nitrites* has already been discussed 
(vide supra). 

An examination of the yield of nitroso-dimers from photolysis of a variety of 
nitrites of diverse structure“ led to the following observations: 

(a) The Barton Reaction, leading to nitroso-dimers, always requires a six-membered 
ring transition state. 

(b) Yields of nitroso-dimer” drop sharply when the hydrogen to be abstracted 
“ P. Kabasakalian and E. R. Townley, J. Amer. Chem. Soc. In press 
#5 DP. Papa, E. Schwenk and H. Ginsberg, J. Org. Chem. 14, 726 (1949) 


“ P. Kabasakalian, E. R. Townley and M. D. Yudis, J. Amer. Chem. Soc. In press. 
*? As determined by ultraviolet analysis; molar absorptivity of pure nitroso dimer is ca. 9500 


46 
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intramolecularly is primary rather than secondary or tertiary. (This drop is partially 
offset in the case of 4-heptyl nitrite (50), where the statistical availability of two 
CH,CH,CH,CH CH,CH,CH, 


ONO 
50 


primary hydrogens provides compensation.) This is in accordance with the greater 
energy requirements of primary C—H bond rupture." 

(c) Nitroso-dimers may also be obtained by pathways different from the Barton 
Reaction, i.e. C—C bond fission (vide infra). This is apparent from product analysis, 
and begins to show up for some secondary nitrites. In the case of certain tertiary 
nitrites (i.e. where the hydrogen to be abstracted is primary), such competing pathw ays 
may operate. For example, 2-methyl-2-pentyl nitrite (51) does not readily undergo the 

CH, CH, CH, 
CH,CH,CH,C—CH, CH,CCH,.CH, C—CH, 


ONO H ONO 
52 
Barton Reaction, whereas 2,5-dimethyl-2-hexyl-nitrite (52) does so in good yield. 

It should be pointed out that no nitroso dimers were obtained in the photolysis in 
solution of t-butyl, 1-propyl and ethyl nitrites. This is in contrast to earlier work*®!213 
carried out in the vapor phase. 

In addition to the application of the Barton Reaction to aliphatic, aromatic and 
steroidal compounds, this method has also been applied to a variety of special classes 
of substances. Tables | and 2 list two of these* together with the absorptivities due to 
the nitroso-dimers. 


TABLE 1. NITROSO-DIMER FORMATION WITH 


SEVERAL ISOPRENOID NITRITES 


Nitrite 


Farnesol 2000 
Geraniol 2000 
Menthol 4800 
Citronellol 2700 
Nerol 2800 


* @max ~9500 (for pure nitroso-dimer) 
TABLE 2. NITROSO-DIMER FORMATION FROM NITRITES 


OF SOME FATTY ALCOHOLS 


Nitrite “% Nitroso-dimer by U.\ 


Dodecanol 
Tetradecanol 
Hexadecanol 
Octadecanol 
** The product of the Barton Reaction in this case is actually the 5-nitroso monomer. This seems to be 


generally true when tertiary hydrogens are abstracted 
P. Kabasakalian, unpublished work 


: 
Gmax 4 
288 
290 
994 
294 
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B. Alkyl Radical Intermediate Rearrangement with C-C Fission: 
Termination by Loss of H-Atom 
We come now to a case which starts out as a typical Barton Reaction—a carbon 
radical is formed via the usual intramolecular hydrogen abstraction in the six- 
membered cyclic transition state—but the resulting alkyl radical does not recombine 
with NO: instead, a rearrangement takes place Partial structure (53), when irradiated 
in toluene,” gave an =, -unsaturated ketone which turned out to be the 18-nor-D- 


homosteroid (54), as proved by conversion to ( §5) and hydrogenation to the known 56.°! 


56 55 


Sequence 53 to 34 is rationalized in the following manne! 


(Arrows indicate single clectron movements) 
This mechanism is strengthened by writing the structure as depicted in partial formula 
(59): such relatively stable radicals have been implicated the autodxidation of 
benzaldchyde, ctc 

A possible alternative view would be the direct rearrangement (58) to (60) 

The free radical rearrangement recently reported” as | rmally of the Wagner 
Meerwein type would seen to be another example of the same order as the one here 


described 


H. Remar pomag trau vet ind ar dimer. Chem. Soc 
In press 

8 The actual compound was or-D-homo-4.1.17a)-androstadiene-3,17-dione. See H. Heusser, J 
Wohltahr 

A. Waters ‘ 6. Van Nostrand, New York (1950) 


Berson and ng? ner 2. SOOO (1960) 


CH, O 
ONO 40 
4 
53 34 
= 
- 
4 
> 
57 98 
59 
54 60 
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C. Alkyl Radical Intermediate Rearrangement by Addition 
to an x,$-Unsaturated Ketone 


Another case commencing by intramolecular hydrogen abstraction but terminating 
by a path other than immediate recombination with NO has been encountered during 
nitrite photolysis. 

Further examination** of the mother liquors from the irradiation of corticosterone 
acetone nitrite’ (2, R = HO, X = H,)—already shown to contain nitrone 43 yielded 
two additional products which, on the basis of subsequent structure elucidation work, 


were formulated as the z-oximinoketones 61 and 62. 


For detailed discussion, the original paper should be consulted, but some of the 
salient points may be mentioned. The less polar 61 could be converted to 62 by heat. 
Absence of the typical spectroscopic features of A‘-3-ones implicated ring A of the 
molecule. Consideration of the ultraviolet spectra permits the syn and anti assign- 
ments as shown, by analogy with the corresponding benzil monoximes, and infrared 


data support the assignment. Mild acetylation of 61 gave structure 63 with its rather 


typical behavior in the ultraviolet, whereas 62 underwent a second order Beckmann 


rearrangement, giving rise to a nitrilo-acid formulated as in 64. (Nitrile absorption 1S 


modified by conjugation with the cyclopropane ring.) This acid was also obtained 


~ 
CH. 
OA 
C N 
= 62 
4 
A j 
a 
63 
HO.C 
64 
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from both monoximes by use of POCI,/pyridine. A slight change in the workup™ gave 
instead a nitrilolactone, 65 


N 
65 


The origin of these two keto-monoximes, 61 and 62, can be rationalized as 
follows :™ 

The alkoxide radical 66 abstracts a hydrogen atom from the C-19 angular methyl 
group to give the alkyl radical 67 The latter adds to the «,f-unsaturated system of 


CH.OAc 


0 


another alkyl radical (68) having the unpaired electron at C-4 


Recombination wit! NQO gives 69 which rearranges to the two isonitroso derivatives 


Just as the foregoing rearrangement was considered formally analogous to that of 


Waener—Meerwein, the rearrangement here discussed bears a cé rresponding resem- 


blance to the Michael addition 


Il. INTERMOLECULAR HY DROGEN ABSTRACTION 
A commonly encountered product in the liquid-phase photolysis of a host of 
organic n as be he corresponding alcohol. The propensity of alkoxy radicals 
for abstracting hydrogen from other molecules (e.g solvent) is well documented,” and 
intermolecular hydrogen abstraction can be expect d to compete with the intramole- 
cular mode of hydrogen transfer (Section 1) and indeed with all the decay reactions of 


an alkoxy radical 
XH (e.g. solvent) 


Cc 
j 
HC 
*CH., 
0 7 67 68 
6i+62 
NO 
Ring At — 
6l 
‘ Observation by H. Reimann of these Laboratories _ 
P Dr M. Beat Inst | for Medicine and Chem vy. Campridgec, 
M etts 
ref. 15, pp. 267-272 for a discussion top 
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However, the extent to which this undesirable competition occurs is greatly 
influenced by the nature of the solvent, as will be seen below. At this point, the reser- 
vation must be made that, in the case of primary and secondary alkoxy radicals, 


disproportionation reactions (i.e. hydrogen transfer from one radical to another) can 


also lead to alcohols (and, necessarily, carbonyl compounds; see Section III A) thus: 
2R,R,CH—O. R,R,C—=O + R,R,CHOH 


Striking evidence for intermolecular hydrogen abstraction has been secured recently 


from detailed studies with l-octyl nitrite.“ Photolysis of this nitrite, in benzene solu- 


tion, gave as the major product dimeric 4-nitroso-1!-octanol (the genesis of this nitro- 


sodimer has already been discussed in Section I) together with lesser amounts of 1- 


octanol and l-octanal. The formation of the two last-named products can be attributed 


to hydrogen abstraction (A) and disproportionation processes (B) as shown: 


CH,(CH,),CH,ONO CH,(CH,),CH,O NO 
CH,(CH,),CH,O. + XH (solvent) —- CH (CH,),CH,OH + X (A) 
2CH,(CH,),CH,O. CH,(CH,),CH,OH CH,(CH,),CHO (B) 


The extent to which intermolecular hydrogen abstraction occurs will depend on the 


efficiency of the solvent (XH) asa hydrogen donor, and indeed studies with a variety of 


solvents show that the highest yield of 4-nitroso-l-octanol dimer (the product of intra- 


molecular hydrogen abstraction) occurs when benzene, a poor donor, is used. 


With heptane as solvent, however, not only was 4-nitroso-l-octanol dimer (see 


Section I) formed, but other nitroso dimers w ere generated in appreciable quantities. 


These new products proved to be nitrosoheptane dimers and nitrosohepta ne-4-nitroso- 


l-octanol mixed dimers. These results have been explained as follows (equations 1-6). 


hy 
CH,(CH,),CH,ONO >» CH,(CH,),CH,O NO (1) 
CH,(CH,),CH,O. CH,(CH,),CH(CH.,) CH,OH (2) 
Barton Reaction 

CH,(CH,),CH(CH ),CH.OH + NO -+ CH,(CH,) CHNO(CH,).CH,OH (3) 

CH,(CH,),CH,O CH,(CH,),CH,CH, CH,(CH,),CH.OH 
CH,(CH,), CHCH,—intermolecular hydrogen abstraction®* (4) 
CH,(CH,),CHCH, + NO — CH,(CH,),CHNOCH, -+ dimer (5) 
CH,(CH,),CHNOCH, mixed dimer (6) 


The 2-nitrosoheptane formed according to equations 4 and 5 can dimerize either with 

another 2-nitrosoheptane molecule or with a molecule of 4-nitroso-1-octanol. 
Substitution of toluene for heptane as solvent resulted (not unexpectedly) in the 

formation of dimeric w-nitrosotoluene as well as 4-nitroso-1-octanol dimer. 


Ill. DECOMPOSITION REACTIONS 
A. C—H Bond Fission 
The formation, without carbon skeleton change, of aldehydes and ketones from 
primary and secondary alkyl, alicyclic and aryl substituted nitrites has been widely 
observed 


hs 
RCH,—ONO — > RCHO 
he 
R,R, CH—ONO > R,R,CO 
*** Abstraction from C-2 is here pictured. In actual fact statistical abstraction of the secondary hydrogens 
was observed 


; 
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These findings are conveniently explained either by alkoxy radical decomposition 
through loss of an a-hydrogen (e.g. equation 1) or by a disproportionation process 


(cf. Section II). 
R.R.CH—O. R,R,C—O-+ H 


It has deen argued*’ that C H bond fission should not be a major factor in the 


decomposition of alkoxy radicals, on the assumption (by analogy with alkyl radicals 


and normal molecules) that C—H fission will be energetically less favoured than C—C 


fission 

However, the generation of alkoxy radicals in dilute solution (as in the present 
work) will surely suppress the alternative disproportionation mechanism. This general 
effect can be supplemented, in particular cases, by factors of structural origin such as 
steric compression (as in the case of a steroidal 11 -alkoxy radical) or the difficulty of 
a fruitful collision between two alkoxy radicals because of nearby bulky groups (this 
would be particularly true in the steroid series where nitrosodimer formation is rarely 
seen, presumably for similar steric reasons: see Section IA). 

In cases where these factors are all operative at one and the same time, it can 
therefore be supposed that C H fission will predominate over disproportionation 
reactions. 

B. C—C Fission 

Previous sections of this review have dealt with the Barton reaction (together with 
deviations which nevertheless proceed via intramolecular hydrogen abstraction) and 
trivial competing reactions hydrogen abstraction from solvent, disproportionation, 
Cc H fission. 

We shall now consider another reaction path which frequently competes with the 
Barton reaction, namely alkoxy radical decomposition by C—C cleavage: 

RCH,O. R. + CH,O (1) 
R,R.CHO R R.CHO or R R,CHO (2) 
R.R.R.CO R R.R,.CO or R, R,R.CO or R R,R,CO (3) 


In the case of alkoxy radicals derived from alicyclic nitrites, ring fission can occur 


as shown 
Oo 


H 
CH, 


Specific examples for processes ( 1) to (4) will now be given. 


1. Primary alkoxy radical decomposition 

The surprising failure of ethyl and 1-propyl nitrites (which cannot furnish the 
6-membered cvclic transition state needed for intramolecular hydrogen abstraction) 
to generate nitroso dimers in solution via C-—-C decomposition (equations 5—7) has 
already been noted [Section I A (2)] 


R—CH,—-ONO > RCH Oo Not observed (5) 


R—CH,—O. — R CH,O where R (6) 
R NO -+ RNO is H, CH, or C,H, (7) 


7 ref. 15, pp. 275-276 


P. Kabasakalian, unpublished data 


: 
. 
4 
(4) 
‘ 
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Analogously, 1-butyl nitrite (70) failed to give dimeric 1-nitrosopropane, the 
expected product of a decomposition reaction, although a modest yield of dimeric 
1-nitroso-4-butanol (71) resulted via the Barton reaction. 


CH,(CH,),CH,ONO (CH,NO(CH,),CH,OH), 
70 7! 


The only primary alkoxy radical which has so far been shown to undergo C—C 


fission (see however, Section IIIB-5 on nitrites bearing an oxygen function on the «- 


carbon atom) is that derived from 2-phenyl 1-ethyl nitrite’® (72). Photolysis of 72 in 
b 


benzene gave w-nitrosotoluene dimer (75) and formaldehyde in accord with the 


mechanism shown: 


CH,ONO NO 


CH,NO—>dimer 


75 


In this instance, then, the alkoxy radical (73) can suffer C—C fission to give the 


resonance-stabilized benzyl radical (74). 


2. Secondary alkoxy radical decomposition 


A large group of secondary alkyl nitrites has been inv estigated recently and the 


salient results will be summarized here. 


| 


here methyl radicals are the only possible result 


In the case of 2-propyl nitrite," w 


of C—C fission, no nitrosodimer was observed. However. 3-pentyl nitrite (76) which 


can decompose to give ethy/ radicals gave (albeit in low yield) dimeric nitrosoethane 


): 


( j 


CH,CH CH,CH, 


CH,CH,CHO 


CH,CH, 


CH,CH,NO dimer 
77 


72 73 
CH,++ 
74 
CH,*+ NO > i | 
= 
CH—ONO —> CH—O + NO 
CH,CH CH,CH, 
76 
CH.CH. 
CH,CH 
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3-Hexyl nitrite*® (78) can give rise to ethyl or propyl radicals by the carbon-carbon 
fission reaction. In fact, both 1-nitrosopropane dimer (80) and |-nitrosoethane dimer 
dimer (79) were formed (as well as 1-nitroso-4-hexanol dimer, the intramolecular 


hydrogen abstraction product). 
CH,CH, 


CH—ONO (CH,CH,NO) (CH,(CH,),NO), 


79 
The point is further illu te 2-hexyl nitrite” (81) and 3-heptyl nitrite*® (82) 
both of which gave only I-nitros tal limer (83) by the C—C fission reaction (as 
well as good yields of the intramolecular hydrogen abstraction products). 
CH, C,H, 
CH—ONO -+ (CH,(CH,),NO), « CH—ONO 


CH,(CH,), CH,(CH,), 
83 82 

These examples, then, suggest that in C—C fission reactions of secondary nitrites, 
cleavage leading to the larger of two radicals is generally more likely. 

In addition, the last two examples show that the Barton reaction involving intra- 
molecular hydrogen abstraction ata secondary carbon atom is favored over the C—C 
fission reaction. This generalization is supported by the observation that 5-nonyl 
nitrite, which has two available secondary carbon atoms for intramolecular hydrogen 


abstraction, gave no evidence for products of C—C fission. 


3. Tertiary alkoxy radical decomposition 

In contrast to the results obtained by vapor phase photolysis (cf. section entitled 
Early Work), t-butyl nitrite in solution failed to produce nitrosomethane dimer. 
However, the formation of acetone testified to the expected C—C cleavage reaction, and 
hence to the formation of methyl radicals. 

Interestingly, 2-methyl-2-butyl and 2-methyl-2-pentyl nitrites® (84 and 85 respec- 


tively) furnished nitrosoethane dimer and |-nitrosopropane dimer respectively in 


good yield (equations 1 and 2). 
CH CH, 


» (CH,CH,NO), + (CH,),CO 


» (CH,CH,CH,NO), + (CH,),CO 
CH,(CH.,), O—NO 
85 
In the case of 2-methyl-2-pentyl nitrite“ (85) the results indicated that decom- 


position of a tertiary alkoxy radical by C—C fission is favored over intramolecular 
hydrogen abstraction from a primary carbon atom. However, when intramolecular 


‘ 
CH.(CH.) 
; CH, CH, 
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hydrogen abstraction from a secondary or tertiary carbon is possible, no C—C fission 
is observed (see Section 1). 
4. C—C Fission reactions of alicyclic alkoxy radicals 

An example of ring fission suffered by an alicyclic alkoxy radical has recently 
been observed™ in the steroid series through photolysis of steroidal 17-nitrites, such as 
86, which resulted in the corresponding hydroxamic acids (part structure 87). 


ONO OH 


N 


86 87 
Structure—proof for the specific products 88 and 89 was obtained by reduction 
(zinc—acetic acid) to the lactams 90 and 91 respectively. The constitution of the 
lactam (91) is well established® and authentic lactam (90) was prepared in these 
laboratories by Beckmann rearrangement of the appropriate 17-oxime. 


0 0 
89 


The formation of the hydroxamic acids can be rationalized in the following way 
(92 -» 97): 


U 


*C. H. Robinson, O. Gnoj, A. Mitchell, R. Wayne, I “ y, P. Kabasakalian, E. P. Oliveto and 
D. H. R. Barton, J. Amer. Chem. Soc. 83, 1771 (1961) 

60 B. M. Regan and F. N. Hayes, J. Amer. Chem. Soc. 78, 639 (1956). One of us (C. H. R.) wishes to thank 
Dr. Regan for an authentic specimen of compound 91. 
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| N 0 | 
| AcOH 
AcO AcO 
88 $0 
OH 
H 
| 0 | Nn 4 
> 
92 95 
N 
N 0 N OH No-C H 
| l“e 
a + H 
96 95 
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The alkoxy radical (93) undergoes ring fission to give the tertiary radical (94) which 
i le (95). The steps 95 to 97 then 


combines with NO to give the tertiary nitroso-aldehyde 
hyde (95) to the observed product 97. 


constitute a pl iusible rout rom the nitrosoaide!l 
.3.5(10)-estratriene series again led 


Extensi 
to the isolation of hyd ictures of wl 1 were secured by reduction 
ydroxamic acids were also 


to known” 
from isomerism at C-13, in 


obtained f1 


accord wit! mosed Mc ini 
17 alkoxy radical, involving 


, ad to the nitroso aldehyde (98) 


cleavage 


and thence 


mpounds trom the photolyses 
| is greatly favored relative 
1 nitrite (100) has shown that the dimeric 


lopenty 


BE: to the nitrosodimer or oxime (99) : 
} 
< 
’ 
dimer 
98 
H 
f 
It has not been possibic, however, to 1so 
1 of 17-nitrites. Presumably cleavage to give 
to the for nation of a radical. 
However, recent work” with 
I t tigated by \ iz and co 
- ry 
| = | + 
Lil 
5 C-13 rad \ bs yimeric lactones (II) and (111) 
7 
ia 
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nitrosoaldehyde (101) is formed. The latter compound has been converted to the 
dialdehyde monoxime (102), characterized as the bis-oxime. 


NO 


5. Carbon-carbon fission in x-oxygenated nitrites 


An interesting series of degradative reactions has been observed in the steroid 
* In an attempt to extend the synthesis of 18-substituted substances related to 


series al 
the recently described 3,3:21,21-bis(ethylene- 


aldosterone by the Barton reaction. 
dioxy)-5-pregnen-20/-ol (102, R H)® was converted to its nitrite. and photolyzed. 


The resulting material turned out to be ; etio-aldehyde (104), as was proved by an 


independent synthesis (105 to 104) 


us WOTK Was 
oxygenated 
serics 
™ K. Tsuda, N. Ikekaw 
“ R. Antonucci, 


369 1952) 


ae 
Ae 
7 
1 
= > CH, 
00 
4 \ 
oF 
~ 
3 104 
> 
Cat» 
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This carbon-carbon fission is very probably facilitated by the relative stability of 


the expelled fragment (106) 


The question arose, what kind of substituents would favor such a fission reaction. 
iphatic 1,2-glycol dinitrites are known to suffer similar oxidative 


A number of al 
cleavage in pyrolytic experiments,” and a similar fate was expected by the photolytic 


method 
Indeed. the steroidal glycol 17x,20/-dihydroxy- \*-pregnen-3-one™ (107) gave a 


nitrite which, upon irradiation, gave rise to \t.androstene-3,17-dione (108) 


Two further examples involve z-hydroxykcetones | 109) and (110) which also under- 


went oxidative fssio! 


x 
58 
= 
+ HC 
106 
OH 
ne 
JQ 
CH.OH 
L.P.K L.. DeAnge |. An Chem. 5 76, 328 (1954). S »J. Po ng ted in ref. 1 
469 
Re M_R C. I 1G. Rosenkranz 3, 1528 (1951) 
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lt would appear, then, that in the special case where a nitrite to be photolyzed is 
originally substituted by a certain type of oxygen-bearing moiety, an oxidative fission 
occurs during photolysis in competition with, and perhaps to the exclusion of, alternate 
modes of reaction. The full scope of this reaction is under inv estigation. 


IV. ASSOCIATION WITH OTHER RADICALS 


There is one instance in the course of recent work which would seem to bear out the 


concept of a photolytically generated alkoxy radical recombining directly with another 


fragment. Kabasakalian and Tow nley“ observed that the photolysis of l-octyl nitrite, 


in the presence of oxygen, results in a good yield of the corresponding nitrate. This 


may be rationalized by accepting the proposal of Hanst and Calvert :* 


2NO + O, - NO (1) 
CH,(CH,), CH,O NO, —+ CH,(CH,),CH,ONO, (2) 


Alternately, the direct oxidation of light-activated nitrite may be considered 


hy CH,(CH.),CH.ONO* (3) 
2CH,(CH.,),CH ,.ONO* O 2CH(CH,),CH,ONO (4) 


Considering, however, the mechanism proposed for nitrate formation during nitrite 


pyrolysis in the presence of NO,™, the present reviewers consider (1) and (2) preferable. 


CONCLUSION 


Recent developments in the photochemistry of organic nitrites have shown that 
all data may be explained by the known reaction pathways of alkoxy radicals. 


A special feature is the overriding importance of intramolecular hydrogen abstraction 


(Barton Reaction) when photolyses are carried out in solution, and when a postulated 


six-membered transition complex can form. From the preparative point of view, 


nitrite photolysis opens the way to a variety of structures heretofore not easily 


accessible. 
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THERE are about fifty reactions known to be catalysed by metal carbonyls,’ those for 
olefins being mainly of three types such as carbonylation, hydrogenation and isomeri- 
zation. They are essentially effected in the presence of carbon monoxide and metal 
carbonyls under 400 atm and up to 300°. Reactions that seem to be similar to those 
catalysed by metal carbonyls also proceed on the surface of the catalysing metal in 
the presence of carbon monoxide.’ 

We suggest now several new ways to apply metal carbonyls as catalysts. The 
reactions under study proved to be specific in running without carbon monoxide 
usually used to regenerate metal carbonyls. 

We have found? silicon hydrides to react with olefins with small amounts of iron 
pentacarbonyl at 100-140" in two directions according to schemes I and II to form 


saturated or unsaturated silanes. 
Fe(Co).;—> 
R 


> R’R*R”SICH—CHR 


with R’, R”, R” being chlorine or alkyl and R the alkyl or functional group. 
Of special interest was the reaction proceeding along scheme II, no catalytic 


R’ R” SiH + CH, 


reactions of direct substitution due to the action of silicon hydrides on olefins having 
been formerly known. The effect of various factors on the percentage of products 
obtained following schemes I or II is not always clear. In some cases an excess of 
silicon hydride favours the formation of saturated compounds along scheme I and an 
excess of olefins that of unsaturated products via scheme II. See Table 1. 

he direction of addition following scheme I was determined by structural study of 
the saturated addition product of methyldichlorosilane to propylene. The compounds 
were methylated with Grignard reagent, the products isolated were treated with conc 
sulphuric acid to dissolve unsaturated silanes and the saturated remainder was con- 
ventionally purified identified by its constants, analysis and Raman spectra as n-pro- 


pyltrimethylsilane*. The direction of addition proved thus to be the same as w hen 


carrying the reaction in the presence of platinum or peroxides. 

Instanced by the reaction of methyldichlorosilane and decene-1 the process 
was shown to be catalysed only by iron pentacarbonyl without any co-catalysts, 
unlike the reaction of methyldichlorosilane with acrylonitrile described below.* 
Indeed methyldichlorosilane and decene-1 react in the presence of iron pentacarbonyl 


* Translated by A. L. Pumpiansky, Moscow. 
1 H. W. Sternberg, R. Markby and J. Wender Chem. & Ind. 42, 41 (1960). 
2 R. Kh. Freidlina, E. C. Chukovskaya, J. Tsao and A. N. Nesmeyanov, Dokl. Akad. Nauk. SSSR 132, 374 
(1960). 
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in nitrogen both in sealed glass ampoules and autoclave to form the same products in 
similar yields. This reaction allowed us to establish that during the formation of 
unsaturated silanes following scheme II it is decene that is acting as hydrogen acceptor 
to be thereby hydrated to n-decane. 

The Raman spectra of the mixture of trimethyl derivatives obtained after methyla- 
tion with Grignard reagent of the sum of products formed in the reaction between 
methyldichlorosilane and decene-| revealed in the C=C range two bands, one at 
1615 cm~ and the other at 1662—1670 cm— split into two components. This allows 
to deduce that the mixture contained both a vinyl compound (CH,),SiCH—CHC,H,, 
and allylic cis-trans-isomers (CH,),SiCH,CH=-CHC,H,; 

To elucidate the possibility of applying these reactions to unsaturated compounds 
involving reactive groups we have investigated the reaction of triethylsilane with 
vinylethyl ether and that of methyldichlorosilane and triethylsilane with acrylo- 
nitrile.*°.’ With vinylethyl ether the reaction yielded /-triethylsylylvinylethyl ether 
(C,H;),SiCH—CHOC,H, 


acetaldehyde and hexaethyldisyloxane as well as by the absence in the infra-red 


whose structure was proved by acid hydrolysis to give 


spectrum 3000 and 3060 cm~ of frequencies assigned to the terminal =-CH, group. 

[he infra-red spectra in the C=C range revealed a double bond line, split into two 
components at 1597 and 1609 cm™, such a split being characteristic of vinyl ethers 
observed before.*~!” 

Ethoxytriethylsilane was also isolated. Its formation seems possibly to be due to 
p-decomposition of an intermediate saturated /-triethylsilyldiethyl ether (C,H;), 
SiCH,—CH,OC,H, produced following scheme I. 

It is to be particularly noted that in no instances mentioned above did a large 
excess of olefins or ethylene with its large excess up to the pressure of 500 atm give 
rise to telomer homologues. 

Some of the described reactions when carried out in the presence of colloidal iron 
led to results similar to those obtained with iron pentacarbonyl. Thus, methyl- 
dichlorosilane and ethylene in the presence of colloidal iron gave methyldichlorosilane, 
and with propylene produced correspondingly a mixture of saturated and unsaturated 
Silanes (see Table 1) 

he investigation of the reaction of silicon hydrides and acrylonitrile gave different 
results. The reaction was carried out in a stainless steel autoclave or sealed glass 
ampoules at 120—150° with no catalyst or with iron pentacarbonyl, nickel chloride or 
their mixture. The results had been reported in detail® and can be summarized here 
as follows. In the absence of catalysts or in the presence of nickel chloride alone there 
is no reaction. Triethylsilane fails to react with acrylonitrile in the presence of iron 
pentacarbony! or colloidal iron in an autoclave. Methyldichlorosilane does not react 
with acrylonitrile in the presence of iron pentacarbony] in a sealed glass ampoule, but 
under the same experimental conditions in an autoclave an adduct is formed whose 
yield increases with increasing excess acrylonitrile. These data permitted to suggest 
3 A. D. Petrov, Yu. P. Yegorov, et al. Izv. Akad. Nauk, SSSR, Otdel Khim. Nauk 50 (1956). 

* Yu. P. Yegorov, /zv. Akad. Nauk. SSSR, Otdel Khim. Nauk. 124 (1957). 

* A. D. Petrov, S. I. Sadikh-Zade, et al., Zh. Obsch Khim. 24, 2479 (1957) 

* R. Kh. Freidlina, |. Tsao and E. C. Chukovskaya, Dod dkad. Nauk SSSR 132, 149 (1960) 

7 R. Kh. Freidlina, E. C. Chukovskaya and I. Tsao Dokl. Akad. Nauk SSSR 127, 352 (1959) 

* M. I. Batuyev, E. N. Prilezhaeva and M. F. Shostakovsky, /zv. Akad. Nauk Otdel. Khim. Nauk SSSR, 
123 (1947). 


* A. Kirrmann, P. Chancel, Bull. Soc. Chim. Fr. 1388 (1954). 
10 Pp. Pp. Shorygin, T. N. Shkurina, et al., Izv. Akad. Nauk SSSR, Otdel Chim. Nauk In press. 
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that the reaction takes place because the mixture contains, in addition to iron carbonyl, 
traces of heavy metal salts formed on the autoclave walls under the action of chloro- 


silanes 
A similar effect of traces of heavy metal salts was observed when cyanoethylating 


Indeed, when iron 


silicochloroform in autoclaves in the presence of pyridine 
pentacarbony! and nickel chloride are both present in small amounts acrylonitrile 


adds both methyidichlorosilane and triethylsilane. The reactions proceed equally 


Taste 2 .cTION oF C,H,OCOK(CH,),SH wn SATURATED COMPOUNDS 


Adduct yie ld 


Time(hr) 
of theory) 


H,--CHCO,CH 
H,.—CHCO,CH 
H,.—CHCO,CH 
H,—CHCN 
H,—CHCN 
H,<-CHCN 
H,--CHCN 


* Acc d to ‘ 


well in an autoclave and in sealed ampoules, addition giving rise to x-methyldichloro- 


silylpropionitrile ¢ with methyldichlorosilane or «-triethylsilyl- 


propionitrile (C,H;),Si€ H(CH.)CN with triethylsilane 

We have further found trot ntacarbonyl and colloidal iron to catalyse mercap- 
tane addition to acry!l « inds and succeeded in effecting reactions between ethyl 
é-mercaptovalerate and acrylonitrile and methylacrylate (see Table 2). The reaction 
gave high yields at 130—150° following scheme III 


C.H,OCO(CH.,),SH CH CHR -+ C,H,OCO(CH,),SCH,CH,R 


with R CN, CO.CH 
rhe reactions could also be effected without any catalyst but at higher temperatures 
and in substantially decreased yiclds (see Table 2). The reaction of mercaptane in the 
presence of iron carbonyl, e\ with a high excess of methylacrylate or acrylonitrile, 
does not lead to telomer homol In the presence of benzoyl peroxide, methyl- 
acrylate 1s telomerized Dy hvl mercaptovale - to form a mixture of telomer 
hon ologues 
CO.CH 


from which were tsolated con pounds with n ae 


With acrylonitrile, and in the presence of benzoyl peroxide only, a corresponding 
adduct was formed. Those obtained using iron pentacarbonyl, colloidal iron, benzoyl 
peroxide, or by heating in the absence of catalysts proved to be identical and appeared 
to have the structure C, H,OCO(CH,),SCH,CH,R with R being CO,CH,, CN. 


11S. Nozakura and S. Konotsunc, Bu hem. Soc. Japan 29, 323, 326 (1956) 


M tio 
compound 
3 without tiator 175-—200 20 
( Bz.O 80-85 11* 
without initiator 140-150 41 
4 Fe(CO) 140-150 5 
( Bz.O 80-85 76 
4 colloidal 140-150 2:5 9] 
Po ae eacted. In add to the adduct ch telomers as : 
wer er ind 3 §-3 and 16°5 per cent yield, respec ; 
| 
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Considering the fact that in the presence of iron pentacarbonyl it is possible to add 
smoothly to olefins and their derivatives various compounds containing a labile hydro- 


gen-element bond, and that these reactions are not affected by telomerization, it was 


thought of interest to study the reaction of ethylene and chloroform as well as other 


chloromethanes in the presence of metal carbonyls. Iron pentacarbonyl, as well as 


chromium, molybdenum, and tungsten hexacarbonyls were found to initiate the 


ethylene telomerization reaction by chloroform or carbon tetrachloride*!-" and iron 


pentacarbonyl by ethyltrichloroacetate. The most useful metal carbonyls investigated 


proved to be iron pentacarbonyl and chromium | exacarbonyl whose presence allowed 


us to obtain at 100—130° the same products as with benzoyl peroxide A close similarity 


was observed in the extent of conversion of polychloromethanes and the yields of 


telomer homologues, under comparable conditions, but using as a catalyst iron penta- 


carbonyl or benzoy! peroxide 


Molybdenum and tungsten hexacarbonyls proved, under much the same conditions, 


less effective not only due to a lower conversion but also the formation of a complex 


mixture of by-products when ethylene was telomerized by chloroform or carbon 


tetrachloride (see Table 3). 


[here are not yet enough data to judge on the mechanism of the reactions under 


study. It seems, however, rather difficult to envisage them as proceeding along a 


single mechanism 


rhe reactions under discussion can be divided into two classes. The first class 


involves silicon hydride and mercaptan additions to unsaturated compounds and 


telomerization of ethylene by polychloromethane. Iron pentacarbonyl or colloidal 


iron may be supposed to form with unsaturated compounds 7-complexes that actually 
catalyse these reactions. The second class con prises the addition of silicon hydrides 


he presence of iron pentacarbonyl and nickel chloride. 


to acrylo nitrile in t 


It is to be noted that the conditions leading to optimum conversion In the reactions 


In question were not studies. Therefore we did not deem it possible to discuss the 


relationship between the structure of starting compounds and the extent of the con- 


version observed. 
EXPERIMENTAI 


reaction of trie thylsi ane and ethviene 


The 


. rr } sthwler ler le | 
The reaction was carried out with excess ethylene to obta triethyly iSilane \ stainless steel 


(500 cm) autoclave was charged with (C,H;),SiH (34 g) and Fe(CO), (0-5 ml). The air was substituted 


by nitrogen and ethylene ted up to 45 atn After heating for 5 hr at 130° pressure was allowed to 


drop from 70 to 35 atm. Overall yield: 39-5 g with 27 g of triethylvinylsilane isolated. Aft 


nd 


(Four 


Raman spectrum? is in agreement with that reported for triethylvinyl silane The product was 


* Sh 


ortly after the pu tion of our paper ve got to know that a Brit Patent also mentioned the 


here and further on was made using increments of groups suggested by Mirinov 


The calculation 
and Nikishin 


Spectra referred to in this paper were all taken and interpreted by L. A. Leites (Institute of Chemistry 
of the U.S.S.R. Academy of Sciences) 
2 R. Kh. Freidlina and A. B. Belyavsky, Do/ ikad. Nauk SSSR 127, 1027 (1959) 
‘* R. Kh. Freidlina and A. B. Belyavsky, / ikad. Nauk SSSR, Otdel Khim. Nauk 177 (1961) 
4 Brit. Pat. 803,463; Chem. Abstr. 11222c (1959) 
16K. A. Andrianov, Organo-Si n Compounds p. 113. Moscow (1955) 
‘7K. A. Andrianov, Organo-Silicon Compounds p. 414. Moscow (1955) 


** Yu. P. Yegorov and P. A. Bazhulin, Dokl. Akad. Nauk SSSR 88, 647 (1953) 
1*'V. F. Mironov and G. I. Nikishin, /: fkad. Nauk SSSR, Otdel. Khim. Nauk 1080 (1958) 
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on dilution only hexaecthyldisiloxane was isolated, b.p 


in conc H,M 
ire drop in the 


wccounted for Dy 


N 
| N Nal IH rave 49 


lorosilyl propionots ile was 


itrile. Yield b.p 


SiN: 39-09) nh 
C,H,,SiN requires: 


SO 
C,H lit 


10 


W 
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10-47 


Si, 22-08 
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(b) Reaction with triethylsilane The experiment was conducted as with methyldichlorosilane 


87 ¢ (0-73 mole) of triethylsilane, 132 g (2-5 moles) of acrylonitrile, 0-5 ml of Fe(CO), and 0-2 g of 


NiCl, vielded 92 Md (73 of theory) of a sul 
in ni? 1-4535, d?° 0-8534. (Found: Mr, 52-95. Calc. for ¢ ,H (Found: C, 63-77, 


8mm. Repeated distillation resulted 


63-49: H, 11°38 33: Si, 16°83, 16°85. C,H SiN juire H, 11-31; Si, 16-57%) 


The infra-red spectrum of this compound reveals a band 22 10 cm~ assigned to x-nitriles 


4. Reaction of ethyl 6-mercaptovalerate with acrylonitrile 
(a) In the presence of iron pentacarbonyl. A mixture of ethyl n ercaptovalerate (20 g, 0-12 mole), 


acrylonitrile (25 g, 0-47 mole pentac irbonvl (0-3 ml) was heated for 5 hr, in an autoclave 


after substitution of nit ‘ | r air al 150 
was filtered off and washed with chloroform, the filtrate 
i 


separa 1 and the residue distilled in vacuo 


ict wel 
Yield of addition product: 22-6 y), by ny 1-4790, dZ® 1-0599 


(Found: Mr, 57°52. Calc. fe 3 5 H, 7°95, 8-00; S, 
14-28 


The poly neric pre 


and chlorof rm 


4-carboxybutyl-2-carboxyethyl sulphide, 
15-67: 15 C,H, requires: ¢ 
the sample produced on hydrolysis of 
lucted as above 
ye) of acrylonitrile and colloidal 
theory) of pure adduct. Its 
/” whose mixed melting point 
showed no depression 


with the i th iment 


thylacrylate in the presence of iron pe ntacarbonyl 


methylacrylate (26:3 g, 0-3 mole) and iron penta- 
ution of nitrogen for air heated at 


ve 4-carbethoxybutyl-2- 


o vield 5-7 ¢ (85° of theory) of 4-carboxybutyl-2- 
int with samples from the 


oduced thermally and in the 


(500 ml) charged with 


carbon t yl g) or 
Cc introduced The 


100-130 and the produ fractionated in vacuo, the results 


k 1490 (1957). 


68 
; The sulphide produced was sap fied with alk: 
m.p. 785-79". (Found: ¢ 46:29, 46:22: H, 6°76, 6 
16-60: H. 679: 15-53 The mixed elt 
4-carbetoxybutyl-2-carbometoxyethy! sulphide s! ed 
(b) Jn the presence of idal iron. The experime 
Twenty grammes (0-12 mole) of mercaptoester and 
if, n | l of iran ‘ de 
ror {ro of | taca Vi Vic 
; hydrolysis led to 4-carboxybutyl-2-catboxyethyl sulp! 
i The experiment was conducted as above 
carbonyl! (0-3 ml) were charged in an autoclave a ; 
130-150" for 4hr. Distillation of the reaction mass over the column gai 
carbomethoxyethylsulphide. Yield: 20-1 g¢(8 of theory), b.p. 1467/1 mm, 1-4708, dj" 1-0803 
(Found: Mr. 64-14. Calc. for C,,H,,O,S: 64-30). (Found: C, 53-10, 52-92; H, 8:29, 8-15; 5, 13°32, 
13-16. Cale.: C, 53-22; H, 8-06; S, 12:°90%,) 
Eight grammes of the sulphide were saponified t j 
carboxvethy Ip p 72.79 itr er) 
previo x ents and those obtained by hydrolysing products pri as 
presence of benzoy! peroxide s ed no depress 
reaction mixture was heated for 4-5 hr 
being listed 1 Table 3 
? A. D. Petrov and M. V. Vdovin, / ikad. Nauk SSSR, Otdel. Khim. Nau77/Z1//=/=/7/=/=7 
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SYNTHESIS OF «CHLOROCARBOXYLIC ACIDS BY 
CHLORINATING COMPOUNDS CONTAINING THE 
CCl.—CH GROUP IN ACID MEDIUM* 


A. N. NeESMEYANOV, R. KH. FREIDLINA, V. N. Kost, T. T. VASSILYEVA 
and B. V. KOPYLOVA 
Institute of Organo-f lement Compounds, U.S.S.R. Academy of Sciences, Moscow 


(Received 9 June 1961) 


THE ready availability of x,%,%,~-tetrachloroalkanes by telomerization of ethylene 
and carbon tetrachloride, their ability to react with nucleophilic, electrophilic and 
radical reagents made it possible for us to create on their basis a wide system of 
syntheses of bifunctional compounds 

This paper reports on the results of our study to develop a method of synthesizing 
various tri- and poly-functional compounds according to the general scheme I. 


“+ ¥(CH,),CH,CCI, 
> C\(CH,),CH=CCl, 
> X(CH,),CH—CCl, “> X(CH,),CHCICO,H ——> X(CH,),CHYCO,H, 


Cl(CH,),CH,CCI, 


where X and Y are substituents, and » odd numbers? from | to 15. 

This system is new in that it involves a one stage conversion of dichlorovinyl 
compounds to «-chlorocarboxylic acids (stage c), first instances of syntheses follow- 
ing this scheme having been reported in the paper mentioned above (see ref. 1). 

To synthesize «-chlorocarboxylic acids we have worked out “conjugated addition” 
of chlorine to compounds containing the CCl,==CH group in acid medium according 


to scheme II. 


X(CH,),CH—CCl, [X(CH.), CHCICCI,OAc] 
> X(CH,),CHCICO,H + HC! 


with Ac being the remainder of any acid. 
Conjugated addition of various addenda to unsaturated hydrocarbons in different 
media has been known for a long time and is being extensiv ely investigated. It has 


recently been suggested that conjugated addition of halogens to olefines proceeds 


through intermediate z-complexes of different types.” 


* Translated by A. L. Pumpiansky, Moscow 

+ n being limited to odd numbers is essential only when dichloroviny! compounds are synthesized 
directly from x,x,%,w-tetrachloroalkanes. Other routes to these compounds are, however, known that do not 
involve this restriction. 
1 A. N. Nesmeyanov, R. Kh. Freidlina and L. I. Zakharkin, Quart. Rev. 10, 330 (1956) 
2 M. Dewar. J. Chem. Soc. 406, 777 (1946). 
3 E. A. Shilov, Soobschenva Vses. Khim. Obsch. imeni Mendeleyeva, 2, 36 (1947). 

A. I. Titov and F. L. Maklyayev, ZA. Obsch. Khim. 24, 1624 (1954). 
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Titov et al® have found conjugated addition of halogen to the double bond of 


the CH CH group in strong acid media such as sulphuric, phosphoric and aryl- 


sulphonic acids, to form corresponding -haloalkyl esters. Nothing was, however, 
known of conjugated addition of halogens to the dic! lorovinyl group 
Conjugated addition of chlorine to RCH=CCI, in different acids was carried out 


at 10-30 Under these conditions almost no hydrolysis of starting compounds to 


corresponding acids RCH,CO,H was to be observed even in concentrated sulphuric 


acid. Usually chlorine saturation was continued until no hydrogen chloride was 


evolved. the mixture was diluted with water and extracted with chloroform. Acid 


CH(CH IN ENT MEDIA 


CH,CO.H—Het(OAc) 
HCOOH 
H,SO, 


-d soda solution. By acidify- 


with concentrate 


were obtained. Fractionation of the 


products were isolated from chlorofort 
ing alkaline extracts acid reaction products 


residue after evaporation ol chloroform gave rise to neutral products. In Tables 1-6 


all yields are based on pure compounds. As a rule, all acids produced are charac- 


terized by their chloro anhydrides, anilides or other crystalline derivatives 


Taking 1,1,5-trichloropentene-| as an exan ple we have studied chlorination in 
different acid media (see Table 1) 

It will be seen from the table that in all cases the two main reactions, that of con- 
yn of the molecules from the medium, and 


jugated addition, that is the introducti 
The latter 


that of usual chlorination of the double bond proceed concurrently 


reaction seems to be favoured by the appearance in the reaction mixture of hydrogen 


chloride. For the successful production of z-chlorocarboxylic acids it Is therefore 


necessary to carry out the reaction under such conditions when hydrogen chloride 


is being bound (e.g by adding mercuric acetate) or driven out of the medium (in 


anhydrous acids) 


Chlorination | 


n concentrated sulphuric acid can be recommended in all cases 
when starting compounds contain substituents that are not affected by this medium. 


(See Table 2). But when substituents are not inert to the action of sulphuric acid it 1s 


Titov and F. L. Maklyayev, Zh. Obsch. Khim. 24, 1631 (1954). 
N. Nesmevanov. V. N. Kost and R. Kh. Freidlina, Doki. Akad. Nauk SSSR 103, 1029 (1955). 
Kh. Freidlina, V. N. Kost and A. N. Nesmeyanov, /: tkad. Nauk SSSR, Otd. Khim. Nauk 1202 


(1956) 

® A. N. Nesmevanov, V. N. Kost, T. T. Vassilyeva and R. Kh. Freidlina, /z 
Khim. Nauk 152 (1958) 

® V_N. Kost. T. T. Sidorova, R. Kh. Freidlina and A. N. Nesmeyanov, /zv. Akad. Nauk SSSR, Otd. Khim, 


Nauk 2122 (1959) 
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| (70 Neutral p oducts were 
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better to synthesize z-chlorocarboxylic acids in acetic or formic acid. (See Tables 3 
and 4). Thus in glacial acetic acid in the presence of mercuric acetate or in anhydrous 


formic acid we obtained corresponding z-chlorocarboxylic acids starting with 


compounds 


R(CH,),CH=CCl,, where R = C,H., CH,COO, HCOO, CH.O, CN. 


TABLE 2. CHLORINATION OF RCH=-CCl, IN SULPHURIC ACID (d 1-8) 
Yield Yield 
R RCHCICO,H Refs R RCHCICO.H Refs. 
ot theory) of theory) 


CH,(CH.,) 71 6 HOOC(CH 6 
CH,(CH,), SI 6 HOOC(CH,), 73 6 
CICH, 66 g HOOC(CH.,) 69 6 


CO 
CUCH,) 78 6 C,H, N(CH,) 


CCIACH,) 7 p-CIC,H,CH, 83 12 


HALOGENATION OF RCH=CCl, IN GLACIAL ACETIC ACID 


IN HE PRESENCE OF MERCURI ACETATI 


Yield Yield 
RCHCICO,H RCHCICC] 


‘ h r 
{ oT theo { of theory 


CH,OCH 


H.COOCH 


45 (54) 3 
62 30 
CH,COO(CH,), 5§ 35 g 
CN(CH,) $4 10 
24 (48) 32 


* Yields calculated for the product that 
+ With no mercuric acetate the acid was obta 


Bromine addition. Cl((CH,),CHBrCO,H and Cl(CH,),CHBrCCl,Br were produced 


+ 


ned in 30 ld 


We succeeded also in producing «-chloro-x-bromopentanoic acid by making 


bromine react with 1,1,5-trichloropentene-1! in acetic acid in the presence of mercuric 


acetate. 


1° R. Kh. Freidlina, V. N. Kost, T. T. Vassilyeva and A. N. Nesmeyanov, /zv. Akad. Nauk SSSR, Otd. 
Khim. Nauk 826 (1959). 

11 A. N. Nesmeyanov, R. Kh. Freidlina and R. G. Petrova, Izv. Akad. Nauk SSSR, Otd. Khim. Nauk 451 
(1957). 

#2 R. Kh. Freidlina, N. A. Semenov and A. N. Nesmeyanov, /zv. Akad. Nauk SSSR, Otd. Khim. Nauk 652 

(1959). 
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In many instances, however, the yields of «-halo-carboxylic acids obtained in 
acetic acid still leave much to be desired. Curiously enough, bromination of fluoro- 
olefines containing the >C=-CF, group in glacial acetic acid and in the presence of 
mercuric acetate or sulphate proceeds essentially with conjugated addition to form 


corresponding acetates of x-difluorosubstituted alcohols CH,CO,CF,CBr.* 


In anhydrous formic acid conjugated addition of chlorine to CCl,—=CH gives 


rise to a high vield of «-chlorocarboxylic acids even with no mercuric acetate present 


This synthetic alternative is rather convenient and applicable to many instances 


(see | able 4) 


CH.OCH 


HCOOCH 
C.H.CH 
CICH 
HCOOICH,) 


With for acid as reaction me nw K led 1 fecting the synthesis of 
almost not investigated «-chloro su 
salts 

» HO.S(CH.,), CHCICO.,H (1) 


Wt. HCINHANH- )CS(CH.) CH 
> 


is known to 

have bec iggest as a method to obdta alkylsulphochiorides 617 But the 
report’* about ction xture ¢ loding hen treated made lin its usetul- 
ed no violent 

the latter being less soluble 


their bis-benzvlisothiouea salts, the latter as 


0 (1941) 


Taste 4. CHLORIN RCH FORMIC ACID 
Vic Yield ah 
R RCHCICO.H RCHCIC( 
of ( f theory 
60 Neutral comps vere 10 
] 0 
4&2 
5° {) 3] 10 
10 
CHCH,) oY 23 10 
6 10 
CH C4 ; 14 
y 
(2) 
in water. The former were isolated 2s 
sodium salts. (See Table 5.) 
lL. is, E. Ja. Pervov V. Tuleneva, / \ SSSR, O Khim. N 843 (19S¢ 
*A.N.N nov, R. K < N. A. Semenov, / thad. N SSSR, Ord. Khim. Nauk 1969 
(1960 
‘ Z 16, 621 (1951) 
M.S ee ( 59. 183 2439 (1937) 
B. J Amer. CI SR, 1348 (1936) 
ve *K. Folk A. Russell and R. W. Bost, J. Amer. Chem. Soc. 63, 35}, 
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It is to be noted that we were not concerned with optimum yields of «-chloro- 
carboxylic acids in all the instances under investigation. In a number of cases the 
yields might be probably increased. We did not deem it possible, therefore, to discuss 


the relationship existing between the structure of starting dichlorovinyl derivatives 


and the yield of corresponding reaction products. 
The reactions under study showed that compounds containing CCl,—CH— 


with a relatively weak nucleophilic bond (that is a bond that does not seem to form 


readily w-complexes with halogens) can also undergo reactions of “conjugated 


addition” by a mechanism which has not yet been investigated and is of a special 


interest 


TABLE 5. CHLORINATION OF HCI.NH,(NH=)CS(CH,),CH=CCl, 


IN FORMIKKC 


ACID 


* Compound I is 
Compound II is CCIl,CHCI(CH,),SO,Na.H,O 


As seen from instances given in Tables 1-5, «-chlorocarboxylic acids containing 


in «#-position diflerent substituents can be readily obtained in high yield starting with 


compounds X(CH,),CH=-CCl,. «-Chloroacids produced by this method are readily 


freed from by-products that consist of neutral substances or acids much less soluble 


in water. This makes this method superior to direct chlorination of 


carboxylic and 


dicarboxylic acids that often gives rise to a product mixture that is difficult to separate 


Many of the con pounds obtained are useful as starting compounds for further 


synthesis 


Starting with a number of «-chlorocarboxylic acids produced by the above 


method we have. in particular. synthesized corresponding «-aminoacids including 


racemates of natural amino acids, as well as their analogues and homologs 

Ihe available data on ammonolysis of «-halo carboxylic acids mostly refer to 
z-bromoderivatives whereas only isolated instances of «-chloroderivatives have been 
reported. This seems to be accounted for by the !atte1 being less available and the 


difficulty to obtain them pure 


17 
In some instances the yields of aminoacids are claimed to be substantially lower 


than using «-bromoderivatives.'**" This is likely to be due to chloroacids not being 

pure enough and the reaction conditions not well known. Our high yields of amino- 

acids on ammonolysis of «-chloroacids show that the yield of aminoacids seems to be 


little affected by the nature of the halogen in x-position. (See Table 6.) 


Owing to the availability of starting compounds and high yields of products at all 


stages following scheme I this synthetic route to a number of «-amino acids must be 


considered superior to other methods known 


The method is illustrated below by representative syntheses of «-chloro acids 


under different conditions 


*R. Goudry, Canad. J. Res. 23 B, 88 (1945) 
2° R. Goudry and L. Berlinguet, Canad. J. Res. 27 B, 282 (1949). 


: 
Yield ol compound Yield of compour dll 
of theory) { of theory) 
‘ 
19 
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7 1393 4? 
14.4 
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Synthesis of a-chlorocarboxylic acids 


EXPERIMENTAL 


Chlorination of 1.1.5-trichloropentene-1 in sulphuric acid 


Through a mixture of tricl loropentene (90 g) and 93 sulphuric acid (130 g) chlorine was passed 


with stirring at 15-20 till no hydrogen chloride was evolved. After dilution with water the mixture 
was extracted with chloroforn Acid products were isolated from the chloroform layer, and washed 
with 10 sodium hydroxide solution Acidification of alkaline extracts gave « -dichlorovaleric acid, 
b p 106 107 l mm ; ] 1825 d,° ] 3421 (Found MR 36°37 ( ak MR 36°56) Yield of 


D 
pure acid: 68 g (78, of theory). Lit." for «,d-dichlorovaleric acid: b p. 129-131°/5 mm; nj’ 1-4835; 


1.3471 
Acidechloride: b.p. 80°/5 mm; nj’ 1-4840; d{° 1-3513 (Found: MR, 40-12. Calc. for C,H-CI,O: 
MR. 40-27) 
Anilide: m.p. 58-59° (from petroleum ether plus benzene). (Found: C, 53-67, 53-69: H, 735, 
5-50. C,,HyNCI,O requires: C, 53-67; H, 5-32 
In addition, 165¢ of neutral products were obtained boiling at 60-75°/1 mm Repeated 


a, 


rting trichloropentene (4g) and 1,1,1,2,5-pentachloropentane (10g), b.p. 


86-87°/2mm; nj 15100; 1-4806 (Found: MR, 49:39. Calc: MR, 49-62). Lit.** bp. 


mm; 15135 1-4807 


121-122°/12 


l dichioro-5-cyvanopentene-| | acetic acid in the presence of mercuric acetate 


tion of 1 


»-Cyano- 


> 
045 


yenten 720 
penten 


1-4087. (Found: MR, 49-43. Calc.: MR, 49-19.) (Found: C, 31-09, 31-04: H, 3-03, 3-17 C,H-,NCI, 


requires 


of formic acid and d lat n vacu chloro for XYProplonic acid was obt ed. Y 129-6 ¢ 
(73 of theory), m.p. 66-67° (from benzene). (Found: C, 31°68, 31-70: H, 3-34, 3-30 C,H,;ClO, 


ichioro-3-lormoxy- 


iddition obtained the starting formoxydichloropropene (2 g), 1,1,1,2-tetr 
ory), b.p. 93-94" (7 mm): 7 1-4932; d; 1-5622 (Found: MR, 42-04 
79). (Found: C, 21-18, 21-30; H, 1-88, 1-92. C,H,Cl,O, requires: C, 21-26; H, 


propane 
Cak MR 


1:78 


ummonia when heated at 


> 


Ammonolysis of «-chloro-f formoxypropionic ac 


70° for 10 hr in an autoclave gave isoserin. Yield 83 of theory, m.p. 239-240 (from water). Lit.** 


(Found: C, 34-02, 34:18; H, 6-93, 671; N, 13-20, 13-27. C,H;NO, requires: C, 34-29; 


23 


m.p 
H, 6°72; N, 13-32%) 


Chlorination of HC|1.NH.CNH=)CS(CH,).CH-CCl, in formic acid 


g), produced from 1,1,5-trichloropentene-1, in anhydrous formic 


Through isothiourea chloride (5-5 
acid (25 ml) at 35° chlorine was slowly passed at the rate of about 50 ml/min till no hydrogen chlorine 


*! R. Kh. Freidlina and E. I. Vassilyeva, Dok/. Akad. Nauk SSSR 100, 85 (1955) 
* A. N. Nesmeyanov, R. Kh. Freidlina and L. 1. Zakharkin, Dokl. Akad. Nauk SSSR 56, 87 (1954). 
8H. Rinderknecht and C. Niemann, J. Amer. Chem. Soc. 75, 6322 (1953). 


Chloring 
Through a mixture ol aichiorocyanopentene (32:8 mercuric acetate (65°06 and glacial acetic 
acid chlorine was passed at 50 with stirring tll ue ration was no more observed. The precipitate 
: was filtered off, acetic acid fre the filtrate ev: ited and the residue disso 1 in ether with the 
: mercuric Salt precipitate filtered off. Acid products from ether solution were ited with concentrated 
soda solution, the soda extrac icidified, repeatedly extracted th ether and dried over calcium 
chloride. Distillation gave 54 cloro-d-cyanovaleric acid (17-4 g), b.p. 150° (1 mm), 162° (3 mm), 
14770 , 12660. (Found: MR, 36°06. Calc MR, 36°13.) (Found: C, 44-47, 44-27: H, 5-09. 
5-05: ¢ 22-24. C.H,NCIO, re res: C, 44-60: H,4-98: Cl, 21-95 Acidechloride b.p. 110 
(2 mm) 14830: 1-3072 (Foun MR, 39-33. Cale MR, 39-47.*) 
Suly c acid hydroly rave «-chloroa c acid p. 102 rhe melting point of the mixture f 
with tic oadil 4 iw if rove ts) ™ 
In addition, 16°5 g of neutral products were obtained such as the starting 1,1-dichloro-Z___:,: 
Chilorinatie of |-dichloro formo.x propen in formic acid 
Through a mixture of 1,1-dichloro-3-for ypropene-! (40 ¢) and anhydrous formic acid (80 g) ’ 
at 30 chlorine was slowly p 1 with st Af val 
rec 


6 
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TABLE 


CICH,.CHCICOOH 
CICH .CHCICS 
CH,OCH.CHCICOOH* 
Acidec 
HCOOCH,CHCICOOH * 
HCOOCH,CHCICC! 
Acidec 
CH,.COOCH,CHCIC( 
C,H.CH.CHCICOOH 


HCIC( 
H.CHCICOOH 
H.OOCCHCKCH,),COOC,H 
HACH,)CHCICOOH 


HCICOOH 


HOC CHCICOOH 
CClA H.CHCICOOH 
( I CHBrCOOH 
CUCH,)CHBrCCLB 
HCOOWCH, COOH" 
HCOOI(CH,) 
CH.COO(CH,),CHCICOOH 
Acide 
CHCICS 
Ac 

NC(CH 
H.N(CH,),CHCICOOH 


C.H,(CO),N(CH,),CHCICO,H 


C,H 


CHACH,),CHCICOOH 
Acidechloride 
Acidechloride* 


aniide 


CVUCH,),CHCICCI, 


ma, V. N. Kost, T 


I 


VASSILYEVA and B. V 


KOPYLOVA 


0830 
1006 
2441 


4467 


15 


| 
Compound m.p(C ) b.pic ) Ny Refs 
2 110-111/30 1-5108 1-6121 9 
3 719/1-5 14569  1-3216 8.9 
63-65 24 1-4590 1-3716 
4 66-67 9 
7 
6 112 1-5 1-4570 1.3496 
17 1-4565 13671 
7 1] 824 1-4860 1-4899 
<1 £101 
' 
i Acidechioride 
ie* 
) 1.49909 1-13] , 
thy! r* 1-5097 
eu 
17? 2 ccc 1.2e7¢ 
10 1? 
3-94 1 14439 11388 10 
11. 
Acid rice” 61-62 25 14465 1-1765 6 
6 
13. 0 1-482 1-34: ( 
1-4840 34173 6 
Acick oride* 1-434 
ce <0 ( 
14. CKCH,)CHCICC!I 6-87 2 1-S100 14806 ( 
1s 104-105 6 
16 
17 106-107 15070 16714 
, << 
1s I 6? 193, 
1-4973 1-4503 9 
| 21 196—-127/1 1-4640 
1 -4668 1-2765 
22 100 1-4870 13834 
23 14770 1-2660 
in 1-307? 
24 62 408 7 
5 1] 
18-119 
eC 132 10 
2-931 1-4485 6 
76-77/13 14498 | 6 
29 22-24 128-131/1 14804 I 6,9 
1042 14817 | 6 
42-43 6 
102/2-5 15036 1:37 
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TABLE 7 (continued) 


Compound m.p.(C’) b.p(C’) ny d™ Refs. 
I ‘ 


31. HOOC(CH,),.CHCICOOH 98-99 6 
32. CI(CH,)-CHCICOOH* 142-143/0-5 1-4768 1-1694 


Acidechloride* 130/1 1-4785 1-1899 9 
anilide* 62-63 9 
33. 120-121/1-5 1-4980 1-2947 9 
34. p-C,H,(CH,CHCICOOH), 199-200 14 
3§. HOOCCHCK(CH.).SO,H 111-111-5 24 
2C,.H,CH,S¢ NH)NH 
36. HOOCCHCKCH,),SO,H 132-133 24 
2C,H,CH,S¢ NH)NH 
37. HOOCCHCK(CH,).SO,H 124-125 
2C,H,;CH,S NH)NH 
38. HOOCCHCI(CH,),SO,H 43 


2C,H,;CH,St NH)NH 


chlorine 


sol tion 


The or | r(iSe parated, treatment mncentrated soda solut gave sodium salt 


H, 


2-98, 


Treatment 


with ) " ti urea c e solution rave the salt of bis benzvithiourea 
(HOOCCHCI(CH., ).SO,H.2C.H.CH,S NH)NH.,). Yield 5-1 g (42-5°% of theory), 1 p. 111-111-5 
fte ) vate! (Fo 1: C, 45-63, 45:53; H, 5-35, 5-32. C.,H.,O;CIS,N, 


15-94; H, 5-2 


In Tabl i ste veral ynstant f substa s obtained by conjugated chlorination 


of 


irked with 


77 
was evolved Treatment of the reaction n ture with warm water resulted in 1e P duct of i! : 
(Ce } (). Na.H.O Viel iv of theory). (Found: ¢ 13°13, 17-95: | 
2:76. C,H,O,C1LSNa re re C, 18:18; H, 2:72%) 
Evaporation of water layer in vacuo at 30-35” led to «-chlorocarboxylic acid (44°). = 
re 
comp is contai ie dichlorovinyl group. Substances previously not reported are maa 
an asterisk 
f ** R. Kh. Freidlina, B. V. Kopylova and A.N. Nesmevanov In press 
4 
: 
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trinitroacetonitri i ed DY carrying ut the nitration reaction in the presence 
of carbon tetrachlor n CCl u itroacetonitrile be manipulated 


safely. assaved an ored or use tiv | it nitroacetonitrile 


ralized 


vicinity 

( proporuons, a 
This 

d melting point 

xamide 

a convenient 


ly investigated 


nas en effected by 
which was reported to 
ction effectively in an 
reaction were never fully 
4S 2H.O (4) 


elucidated utraliza 1 of the entire reaction mixture with various bases gave 


satisfactory yield cvanomethide salt Contamination by the corresponding 


< pia ; ” 43 en 6, 2235 (1912) 


i 
derivatives 
( yanoacetic acid Wa und to De the ost satisfactory starting material for the bee? 
preparall of trinity cel tnie. Comparisons of the eticc n vield of variations 
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cvanoacctamiade gd dinitroi tonitrile 
N N Ne TN HiN ) Nb N 
(4) 
9 re j VI P 
Cl pp 
ere derivative whic not been ful 
4 (3) 
N N 38 yield 
) O 
The reduc of trini wcetonitrile to dinitroacetor 
i numerous re ent ed hydrogen 
ethanol whanicn nd tail 
acidic echanism and details ort 
C(NO.),.CN 4H.S NH C(NO.,).CN 
H. Wiela 367, 8 } 


Chemistry of dinitroacetonitrile—] 81 


trinitromethide salt was minimized if sufficient ethanol and a low enough pH were 
employed. Sulfur dioxide was found to be serviceable for the replacement of the 
bulk, but not all of the hydrobromic acid. 

For synthetic purposes, sodium dit itrocyanomethide was found to be the most 
generally useful salt for isolation from the reaction mixture since all other derivatives 
could be prepared from it. Potassium dinitrocyanomethide was much easier to isolate 


and to purify due to its sparing solubility in most solvents. (See Table 1.) However. 


| SOLUBILITY OF SO IUM ND POTASSIUM DINITROCYANOMETHIDE AT 25 


TABLI 


from solutions (usually su nsions) Of potassium dinitrocyanomethide attempts to 


prepare other d 


nitrocyanomethide salts by metathesis, to isolate dinitroacetonitrile 
tetrahydrate by acidification with mineral acids or to obtain halodi: itrocyanomethy] 


derivatives were unsuccessful and unreacted potassium salt could be recovered. When 


reactions were found which did proceed using potassium dinitrocyanomethide, viz.., 


nitration with absolute nitric acid which gave trinitroacetonitrile. dissolution in excess 
formalin solution which gave some dinitrocyanoethanol® and a sulfonic acid ion 
exchange column’ which retained all potassium ions and gave an effluate cont lining 
dinitroacetonitrile tetrahydrate, it was realized that the unsuccessful reactions failed 


sat 
because Ol 


lay liih 


unfavorable equilibrium conditions due to the low solubility of potassium 


dinitrocyanomethide and the ionic character of the dinitrocvanomethide ion. Other 
reagents which reacted with potassium dinitrocyanomethide attacked the dinitro- 
cyanomethide ion, as for exan ple, hot aqueous alkali, which gave potassium dinitro- 
thane and alcholic hydrogen chloride which converted it to dinitroacetamide.® 

The unusual properties of potassium dinitrocyanomethide appear to be derived 


principally from the equally striking character of the dinitrocyanomethide ion.® 


Part If: C. O. Parker, W. D. Emmons. A. S. P no, H. A. Rolewicz and K. S. McCallum. Tetrahedror 
17. 89 (196?) 


Rohm & Haas ¢ ompan Amberlite IR-120 


* Part Il: C. O. Parker, 7% d 17, 105 (1962 
Nitroform has an acid Pproxir that of phosphoric acid the yellow coior of aqueous- 
it 1D 1ddition of min icids. It may be pl imed that the trinitro 
met on is steric unat tO acquire a planar co guration so that contributio oO! all po ble polar 
structur to resor ce stadilization of the tri on le 10n are not fully realized 4 onsequently, 

only limited resonance energy ost by the ion it ying to covalent trinitrometha 

Sharp contrast 1oted th every point of comparison to dinitroacetonitri Dinitrocyanomethide 
salts are very stable thern illy compared to trir romethide salts No repre on of 1onization of dinitro 
acetonitrile solutions by mineral acids could be observed. Covalent dinitroacetonitiile apparently does 
not exist nstead there is ODtained what amounts to a crystalline, solvated dinitrocyanomethide ion, i.e 
dinitroacetonitrile tetrahydrate. Finally, solution reactions of dinitrocyanomethide salts gave products 
derived from all polar structures which might contribute to resonance stabilization of the dinitrocvano- 
methide ion. (See paper II, this series.) These facts suggest that the dest explanation for the distinguishing 
chemical properties of dinitroacetonitrile may be ascribed to the unique co-planarity and resonance 


stabilization of the dinitrocyanomethide ion 


J 
Px So lium 
Solvent Dir i etnide dinitrocva netnide 
(7/100 2 of lut ) (7/100 2 of sol yn) 
cetate 0-06 
D ether 0-0! 0-0] 
Wa 4-1] 60 
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stable monohydrate (m p. 214-216") on exposure to normal laboratory atmosphere 


(50 per cent relative humidity) Although anhydrous dinitroacetonitrile could not be 


islolated as such, essentially anhydrous solutions of dinitroacetonitrile in various 


solvents were prepared by neutralizing suspensions of anhydrous sodium salt with an 


equi-molar quantity of sulfuric acid. Such solutions were stable enough for immediate 


yperue initroacetonitrile, its exist- 


synthetic use All of the aforementioned pre 


ence as a crystalline irate ts instability en the ‘rr of hydration was 


removed, its apparent , Strengthen 
the impression that dinitroacetonitrile would | represented as hydronium 


dinitrocyanomet! 


were prepared 


by hal nat yu lium dinitrocvanomethid \ superior 


readily 
nethod of prenarati yn ino | ) 
metnod prepa CONSISt Oxidation 
of solutions of sod ric acid with hydrogen 
peroxide, thereb mn of the chloroderivative with much excess 
freechlorine. Application of this method to the preparation of the bromo-derivative was 
never attempted. Investigation of the chemistry of these compounds was very limited. 


Attempts to bring about addition of “omodinitroacetonitrile to ethylene and to 


cyclohexene failed to yield dinitrocvanomethy! adducts. 
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‘ appeal to attack the cyano UD ad give tri ( ethide Salt ind cyanate 1on 1n : 
good yield, dependi 1 the conditi More easi xidized agents (or media) may 
. 
mna on 4 nee trom tr far ¢ ‘ he ry 
De pre ed to undergo a one-electron transfer to give the very stable dinitrocvano- 
methide 10n 
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EXPERIMENTAI 


nyaro- 


rcthide 


itives were per 


All mar la rif tr t and 
iron 1 th ro safety shields 


tested ik 


The same precautions were Ds ved V 
. rred more than once All personnel 


t apparatus 


? t ny ting nt baths were enclosed in 


Plexiglas cabinets 


were required to wear saicty glasses » the laboratory area. 


side guards upon entering 
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lask by uns of a tube 
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The best results were obtained when t roac e in carbon tetrachloride solution was =m 
yzed by stirrin ith excess aqueous alkali! ypproximately 15 Table 4). The trinitron mE 
Warning 3 
is 
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salt was then determined either gravimetrically with tetraphenylarsonium chloride or by measuring 


the optical absorption of an appropriate dilution at 350 my 


An alternative, very rapid method was based on measuring the optical absorption of the nitrile 


band at 2250 cm rhis method allowed direct use of the carbon tetrachloride solution or a singly 
diluted solution. Table 5 shows the agreement obtained with these three methods 


lhe gravimetric procedure was believed to be the most precise because the per cent error involved 


in weighing ts very much less tha 


n that involved in the spectrophotometric methods. The infrared 


was certainly the fastest and probably the least sensiti to contamu ants 


method 
As regards the detern ition OF tromethide ion using tetraphenylarsonium chloride, the effect 


UC 


of varying the volume of solution from which the tetraphenylars ium trinitromethide IS precipitated 


was studied. Changes of volume between 20 ml and 155 ml were without significant effect on the 


results 


rhe precision of the gravimetric procedure was tested by analysis of ten aliquots from a single 


nitroform solutior Re s ranged from 97-64 to 100-82 iverage 98-45 indard deviation 
1-05 based on the weighed nitroform. Since this work was done during the familiarization period, 
it is expected that the method is capable of more precise result 

The precision of thi traviolet absorption method could probably be improved by a differential 
measurement using a rd solution for the tia strument setting. Potassium trinitromethide 
vas rst tried is a Slandal 5 ito! Solutio i the order of 10 nolar were und t DE stable for 


tronge! ms were lite i Solid ammonium trinitr ethide and aqueous 


within the 


1 
inol Cor 


cyanomet Cc Was Cale 


of ether [The sodium d ocyanomel iC 


80° for 4} Its me (decomposit 


dried in a vacuum Oven a ‘ 
(Found: Na, 13°96. Calc. for NaC( NO 

acetate benzene solutio Na. 13-45.) 

d 


Na, 15-36. Calc. for NaC(NO,.).CN. Na, 15-03.) 


(Foun 


The preparation 


the exception that methanolic potassium sub ted d The work- 

up of the salt was considerably simplified by the fact 0 " c ME \ nsoluble 

in the solvent system in which it was formed. Pot um dinitrocy ymethide and potassium bromide 


which was equally i soluble, were isolated on a filt The mixture of salts (800-900 ¢) was dried for 


nd then transferred to a 1500 ml. Soxhlet extractor and extracted 


6 hr at 70—80° in a vacuum oven a 


hr period 


with 2 1. of acetone over a | 
Most of the potassium dinitrocyanomethide, which is only moderately soluble in acetone, was 


refiltered, washed with cold water and the filter cake 


11 This salt mixture could be triturated with cold water, 


recrystallized from water without losing prohibitive quantities of the potassium dinitrocyanomethide 


originally present. 


CWO WOCKS ; 
0-1 and 0-01 M solu ’ ! tromethide were stable for at least three weeks [ii 
limits of detect et adsorpluon 
Sodium Dinitrocyanomethia 
lo a mechanica tirred solution of 600 n 48 ny oro acid 1700 ml of 
iined in a three-necked, | isk ed a sol icet e total product of a 
: 4mole 1 ) in approx itely 1600 ml of carbon tetrachloride rhe t perature of t reactior 
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e time the solution became red, then | \ i f ick: bro fum esemt bromine were : 
; guite evident. It ha so been « rve t ethy one of the m f nré cts of this 
3 N methanolic sox \ xide to rais e pH vy e to Ac yn of base caused the s tion 
‘radually to become red, orange, and y at the desired pH v ea ver t vellow A smal : 
quantity of precipitated sod bromide n e its appearance dt eut zation step 
The solvent was the 4 ed iro tne reac I Kture t reduce pr ‘ re ag the drv residu Was 
extracted with two 500 ml portions of ethy cetate Ihe etl cetate solution of sodium dinitro 
Gee ng cnarco preely ya yn of 2 
ee y filtration and 
N. , illized from ethyl 
Potassium Dinitrocyanomet 
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filtered from the acetone in the distillation flask at this time The balance was precipitated by the 
addition of about 1 |. of ether to th t solution which had been previously concentrated to one- 


fourth of its original volume is pr there was obtained 455-500 g (67-75 ”,) of potassium 


da vellow color. It could be suspended in 85 


d with ethanol and recovered in pure, white 


ystallization from 20 


was dissolved in a mixture of 9 ml of water and 


} was suspended in the mixture, which was 


salt which melted with decomposition at 262-2 Se 
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13 ml of methylene chloride. Calcium carbonate (5 
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Bromine (3 ml, 0-059 mole) was added to the mixture dropwise. The 
After removal of drying agent and 
40°/5-10 mm, n*™* 1-4832: 


stirred vigorously at 0-5 
organic layer was separated and dried with magnesium sulfate 


solvent, the residue was distilled and two fractions were collected: (1) 1-6 g, 


36°/4 mm, ny 1-4860. Fraction (2) was titrated jiodimetrically 


(2) 27g (22%), 35 . and 
found to contain 96°, bromodinitroacetonitrile (positive bromine). The infrared spectrum of this 
and dinitrocyanomethy! abs rption bands at 2240cm™ and 


material contained nitrile 
respectively 
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i port ) 
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3 
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- Es OC tO a [ and e two la sep ited The product was washed once with a 
15 ggg of water and was dried over calcium chloride to yield 30-8 g of chlorodinitroaceto- 
nitrile. The product rapidly became yellow on standing r temperature. Distillation of the 
crude product (6.p. 38°/14 mm) yielded 29-0 g (91 of chlorodinitroacetonitrile, 2° 1-4509 
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CHEMISTRY OF DINITROACETONITRILE—II 
DERIVATIVES OF DINITROACETONITRILE FROM MICHAEL, 
MANNICH AND ALKYLATION REACTIONS.  2,2-DINITRO-2- 
CYANOETHANOL AND ITS DERIVATIVES 


CHARLES O. PARKER, WILLIAM D. EMMONS, ANGELO S. PAGANO. 
HeNRY A. ROLEWICZ and KerTH S. MCCALLUM 
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Abstract 


DERIVATIVES of dinitroacetonitrile in which the dinitrocyanomethyl group was 


ienuly linked Via a ond were und tO De ODtained iro tnree 


cova 


different types of reactior these, addition of dinitroacetonitrile tetrahydrate to 
carbonyl-conjugated double-bond systems was the most generally successful product 
producing type of reaction studied. The resulting Michael adducts were obtained in 
good yields, were relatively easily purified and were no more st ceptible toward 
hydrolysis and adventitious decomposition of th dinitrocyanomethyl group than were 
the carbon-substituted alkyl derivatives. The presence of /-carbonyl gr ups compli- 
cated the infrared spectra of these molecules and also their behavior in alkaline 


decomposition reactions but on both counts these complications were less troublesome 


than those encountered in dealing with other types of derivatives. The Michael adducts 


prepared have been listed in Table | together with data pertinent to the reactions and 


products. 


A curious feature of dinitroacetonitrile chemistry which was encountered was the 


variety of products obtained from the Michael addition reaction of dinitroacetonitrile 


with acrylic acid. These were identified as the expected normal adduct, 4,4-dinitro- 


4-cyanobutyric acid, which was a minor ratherthana principal product and 4,4-dinitro- 


4-carbamylbutyric acid, which was the principal product of the reaction in aqueous 


SY 
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and even when the addition was performed in t-butvl alcohol solution.’ For- 


media 
HCH OH 


ind 


the 
copiously 
ixture, and 


H.NCOC(NO.).CH,CH.COOH 
mati ‘ ca : 
M ther thar ed m rt of corre 
\\ ve yi acetate 
tne | ind 
cet trile 
hy 
: 
slated cyclic interme te racketed structure) 
tne re ns unre eG it al ere 
experi | tne cCarda a all 
thy evide relatively little water in the reaction n 
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secondly, that the product designated as «,x-dinitroglutarimide was relatively un- 
affected by water (see Experimental) it would be tempting to conclude that the 
dehydro-product actually possessed the imino-anhydride structure. A more sophisti- 


cated structure elucidation was not feasible at the time this work was in progress 


The Michael adduct obtained from methyl acrylate could be hydrolyzed quanti- 


tatively to succinic acid 


HC! 
(CN)CH,CH,COOCH >» HOOCCH,CH,COOH 
H.O 


Although attempts to prepare a Michael adduct of dinitroacetonitrile with acrylonitrile 


l, this product was obtained by dehydration of 4,4-dinitro-4-cyano- 


2-dinitro-2-cyano- 
ily prepared 


to under gO 


d the 
trifluoroa ate, acetal icrylate, and icrylate acetate al nethacrylate 
were O > acid in the presence of 


} 
trinuoroacetl 


esters of dinitrocyanoethanol were n “a ragile toward moisture 
catalyzed decomposition Bulk polymerization ol the methacrylate with azo-bis- 


isobutvronitrile as the Catalyst gave 


a hard but somewhat discolored polymer. An 
npt to prepare the methacrylate by azeotropic distillation of water from a mixture 


3-dinitro-2-cyanoethanol and anhydrous methacrylic a id in benzene gave a 


quantitative yield of wate! ut a poly nerized product Ihe mixed anhydride 


technique was also used 1 ain 2.2-dinitro-2-cyanoethy! acrylate, but even careful 


completely the acrylate from the trifluoroacetate 
formed in the esterification reaction. However, a pure sample of the acrylate was 


fractionation failed 


obtained in 49 per cent yield by esterification 2,2-dinitro-2-cyanoethanol with 
acrylyl chloride in the presence of aluminum chloride; this procedure proved to be 
the more satisfactory one for the methacrylate. Bulk polymerization of both monomers 
with azo-bis-isobutyronitrile gave a gummy Mass 

Esterification ol 2,2-dinitro-2-cyanoethanol with fumaryl chloride, succinyl chloride 
and 3,3-dinitrobenzoyl chloride gave in each case a liquid product which on the basis 


of infrared examination appeared to be the desired ester. However, these liquids 


| 
| 
were UNSUCCESS! 
butvramide in 30°, yield. ‘ 
PO 
NO.).C(CN)CH,CH,.CONH » (NO.).C(CN)CH.CH,CN 
Reaction of dinitroacetonitrile with formaidenyae vielded 
-thanol oer n prod Th lerivat 
ul Casily ince it tO CACC rmaiaenyde and 
retrogression 
HC(NO.),.CN H.O =*(N CH.OH 
annvariace as the conaensing 
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could not be crystallized even at Dry Ice temperatures and all decomposed on attempted 


distillation. 
Nitration of 2,2-dinitro-2-cyanoethanol with a mixture of concentrated nitric and 


sulfuric acids gave a 67 per cent yield of a liquid which on the basis of its infrared 


spectrum appeared to be largely the desired nitrate ester. It was possible to distill 


this product and a fraction boiling at 46-55°/1 mm showed the expected nitrate 


absorption band at 1678 cm ' and the dinitrocyanomethyl band at 1600 cm-'. The 


nitrogen value obtained on elemental analysis was low, however, indicating the 


material was impure. The product appeared to be quite unstable since a sample 


became acidic fairly rapidly on standing. For this reason work with this compound 


was abandoned. 


When an attempt was made to hydrolyze the nitrile group in 2,2-dinitro-2-cyano- 


ethanol with concentrated sulfuric acid a product was isolated in fair yield which was 


believed to be a cyclic methylene-bis-amide. It was established that this product was 


formed by a reaction with the excess formaldehyde dissolved in the dinitrocyanoethanol, 


and the same product was obtained in much better yield when additional formaldehyde 


was used 


HOCH,C(NO.)..CN 


(NO.) 


[he analysis, infrared spectrum, and solubility properties of this product were in 


agreement with the proposed structure 


Several attempts were made to prepare Mannich-type derivatives through reaction 


of dinitrocyanoethanol with amides and ammonium salts In several instances 


unelucidated interaction took place, but no dinitrocyanomethyl-derivatives could be 


prepared in this way. Under rather limited environmental conditions N-(2,2-dinitro- 


2-cyanoethyl) amides could be prepared through the reaction of dinitroacetonitrile 


with N-methylolamides 


O 


O 


HC(NO.)..CN RC—-NHCH,OH H.O 


In most cases successful isolation of product seemed to depend upon choice of a 


relatively non-polar solvent medium, such as ethyl acetate, the presence of a drying 


agent to remove water formed in the reaction and judicious separation of excess 


reactants. Dinitrocyanoethylamides showed a much greater proclivity toward sol- 


volysis than esters of dinitrocyanoethanol. In the presence of strong base however, a 


competitive type of direct attack on undissociated dinitrocyanoethylamide was 


observable. Thus when dinitrocyanoethylacetamide was dissolved in cold aqueous 


ethanol and was titrated immediately, neutral equivalent values as low as 137 were 


obtained. If complete preliminary hydrolysis were insured by warming the solution 


on the steam bath or allowing it to stand overnight before titration, values in good 


agreement with the theoretical neutral equivalent (202) were obtained. 


O (NO.) 
O—CH 
| 
>» CH NCH,—N 
HCHO 
c—C | 
| 
all 
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Reactions of the dinitrocyanomethide ion with organic halides gave products 


which represented covalent bond formation derived from all three possible con- 


tributing structures ol the ion 


R—-C(NO,),.CN NR | HC(NO.).CONHR 


Of the organic halides which were investigated only methyl, allyl and t-butyl halides 
or Of these only allyl and t-buty! produced carbon- 


le 
gave rise to stable, isolable products 


since tl same products w! 


itrocvanomethide with t-butyl halide were also formed in reactions of t-buty! 


hydrate. it seems evident that these reactions 


all 


i ich were isolated from alkylation of 


ated products 


silver du 
alcohol with dinitroacetonitrile 
were functions of the | carbonium ion. The structure of the products, then, 
ite attack of the t-butyl carboniu 


reflected indiscriminate n ion on at least two of the three 


contributing structures of which the dinitrocyanomethide ion consists \ third, 
fied product was forn ed in these reactions which may or may not have been 
derived from an intermediate t-butyl nitronate. Fortunately the mixture of carbon 
and nitrogen t-butyl alkylated products was easily separated by making use of the 
difference in their chemical properties. The carbon alkylated product, 2,2-dinitro- 
vost easily soluble 


} was n 


n non-polar solvents and un- 


ild exposure to aqueous acids and bases. The nitrogen alkylated product 
tures as N-t-butyl-x-x-dinitroacetamide, easily soluble in 
oluble enough 1n water to be precipitated by acidification 
r dinitrocyanomethide in most solvent systems 


| 
ted with Stive 


isolable product were obtained from heterogeneous mixtures 


ed in excess methyl iodide. Identification of this product 


was finally made on the basis of its ultraviolet 
near 300 mu, and from study 


Strong n 


hydrolysis products from acidic and basic solutions. The nitronate structure 


absorption bands in the 6 u region of its infrared spectrum which could be 


ve 
ambiguously interpreted. However, the above-mentioned bona fide carbon alkylated 
derivatives were sharply distinguished by the absence of long wave length ultraviolet 
absorption. The nitronate structure was further corroborated by solvolytic frag- 
mentation into dinitrocyanomethide ions and formaldehyde 


lt was observed quite early in the work with organic derivatives of dinitroaceto- 


nitrile that most of thesecompounds had reproducible neutral equivalents and could be 


titrated with base. Generally two equivalents of base were consumed per mole of 


dinitrocyanomethyl groups and in most cases the titration could be carried out with 
sodium hydroxide to a phenolphthalein end point ( Table 2). 
lhe behavior of methyl 4,4-dinitro-4-cyanobutyrate w ith base was studied in some 


detail. The ester reacted rapidly with methanolic potassium hydroxide, potassium 


ie 
RX 
N—C—CN « > N—C—CN > CN—OR 
A 
Oo NC 
RX O.N O.N 
O,N 4 
affected by 
emerged Ire 
dilute aquec¢ 
f Methyl 1 
containing silver salt suspend 
as the oxygen alkyiat d lerivative 
abdsorpt n <n tr vhich sho 
of its 
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cyanide, or sodium methoxide to give in each case quantitative yields of a yellow solid 
which was recrystallizable from hot methanol. This material proved to be the potas- 
sium salt of methyl! 4,4-dinitrobutyrate. Repeated recrystallization of the salt resulted 


in an analytically pure sample which was converted to the distillable dinitro compound, 


TABLE 2, NEUTRAL EQUIVALENTS OF DINITROCYANOMETHYL DERIVATIVES 


Equivalents 


Compound MW Neut. equiv 


203 68-¢ 


NCC(NO.,).(CH,).COOCH 217 105-8 2? 
105-0 ? 
O CH 


NCC(NO,).CH,O( 


methyl 4,4-dinitrobutyrate. This material was characterized by reaction with methyl 


acrylate to give dimethyl 4,4-dinitropimelate, m.p. 46°. The inorganic residue from 


the alkaline degradation was examined and found to contain mostly potassium 


cyanate. Thus the overall reaction appears to involve nucleophilic attack on the 


nitrile group. 


NO N NO 


OH + N=C—CCH,CH,CO,Me [HO—C—C(CH,),CO,Me] 


NO NO 


H CNO (NO,),CCH,CH,CO,Me 


EXPERIMENTAI 


4 4- Dir 


18-4) 0-148 
; for 4hr at 40-60 another 7-6 ¢ of silver bromide is Ob ed. Five gran f al [ r iS 
idded ind the sol itt 1was iowed to stand ik two davs A] wether leo pots Iver bromide 
Was lected Most the s tw is rem ved i! re luced pressure The esidue i SO 
in ether washed with wv te vith § sodium bicarbo | vith te l ad Ss en 
dried with inhydrou magnesium sulfate After re 0 ol yivent there remal ed 10-4 y of residue 
was flash distilled from a bath at 85-90 at 0-5—1-5 mm to yield 7-1 (35 of crude 2,2-dinitro-4- 
é pentener itrile, Ny 1-4558 rhis material is fractionally distilled through a Holt lan Columr \ 
3-5 g portion which distilled at 38-40°/0-4 mm was analyzed and its infrared spectrum measured, nj 
1-4552 


(Found 34-63: 


‘Methyl Dinitroacetonitrile,’ Dinitroacetonitrile-O-Methylethe 


To 250 g (1:76 moles) of stirred methyl iodide was added 41-8 g (0-176 mole) of silver dinitro- 


cyanomethide over a 15 min period. The resulting mixture was stirred at room te nperature for | hr 

and then diluted with an equal volume of ether. The solution was allowed to stand 1 hr and 3 ig 

(94°) of silver iodide was collected on a funnel and washed with water to remove any unreacted 


silver dinitrocyanomethide. The ethereal filtrate was evaporated under reduced pressure to yield 


used per mole 
3 
5 
1// lation Products of Dinitroacetonitrile 1tro-4-C yanobutene-| 
> 
iS 
eee =H, 2:67; N, 23-77. Calc. forC;H,O,N,;: C, 35-08; H, 2-92; N, 24-56.) 
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This material was sufficiently pure for most purposes \ 
ym water to yield a cream colored solid, m.p. 62-64 


for H,N,O,: C, 24°83; H, 2:08; N, 28-96.) 


vacetonitrile” 
hich was heated to 50° and 


yurette so as to maintain the 


tha Beckm innpHn eter 


imined for 


concluded 


HCHO 


t-dimethylbutyro 


r preset 


60.) 
; small portion of the product v s recrystallize ee 
Solvo and Alkaline Decomposition of * Methyl Dinit 
Samples otf ne dinitroacetonitrilc ere suspended in water 
pH of the solutio e ranges indicated below; pH was determined wii ! 
The <« cent ! trite 10 e fina ) ) vas dete! ed colormetrically with Shinn 1 
cy Cl IS Gel CU cus ing the CALINCLIO 
coeff ent of the ¢ ct Stic sorpt Dand at 34 Formaldehyde was determined 
Ta etrica I Kp ent d linitroacetonitrile”” was added to 
1 ?-8-fold exce rf « imuixture ¢ olumes of ethylene glycol and 
sopropy! ak 0 e excess base was back- 
tr 445 f ea Ce eciable absorption it was 
that a cya rorme inder these co ns 
I A EGR OF ETH NITROACETONTITRILI 
M 1 cs 
Exp 1) Absorption 
H S Base 
‘ no max { 
at 
> e 0-383 0-189 335 
6-7 440 0-820 0-140 345 
”) ()- 248 14? 345 
M 
kK \ ) 
: A 24 ire 0-O14 x! e of 70 
(2-0 tt emp tur elk 
hl 
nitrik N-t-b c nec der a variety of conditions Dinitro- 
wcetonitrile Dot s the t e anhydrous for ym was used. In some cases 
; acetic acid and sulfuric acid were also introduced into the reaction media but thei mgmmmmnce did not 
pat. M. B. Shinn, /ndustr. i ne. Chem. (Anal). 13, 33 (1941) ; 
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seem to be necessary 
(prepared by acidification of the sodium salt with sulfuric acid), an additional mole of sulfuric acid and 


In an experiment where the reactants were dinitroacetonitrile in ether solution 


an excess of 2} moles of t-butyl alcohol, a third, neutral, unidentified reaction product was also 


ind the best yields of each were not obtained 


isolated. All three products were not isolated each tir 

from any one experiment. As far as is known, all three products may be formed in every case, 
however 

yitrile tetrahydrate and 12:4 g (0-08 mole) of 

ride 1 sg (5 mole) of t-butyl alcohol was heated to 60° and 

vater saturated with sodium dinitrocyanomethide 

formed after I | ni was d, ether was added, and the lower layer was extracted with 


ether. Combined lig 1agnesium sulfate before ev iporating the sol- 


vent and excess t-but 2-Dinitro-3,3-dimethylbutyronitr lehasahigh 
vapor | was continued after solvent has been removed. 
which dis ved most the 


The oily residue 2,2-dinitro-3,3- 


dimethy oily residue. This 


1. Acidification of 
rial, m.p. 99-100°. 


and acidli- 
These fractions 


this raised the 
O.N.(N-t-butyl- 


concentrate 


vield 2-1 ¢ 


sed the melting 


imethylbutyro- 


Dutyro- 


rethano!l 


h t-Butyl Bromide 


To 55-0 2 (0-40 mole) of nide imn n ling bath idded with stirring 9-6 
(0-04 mole) of silver room temperature for 
r bromide 


washed with acetor ar ! ted si linitrocyano- 
iS evaporate j l | pressure to yield 9-1 g ol a vellow oil, a 
\ itroacetamidec Separation ol the 
mixture of nitroge! ur 1 alkylated pr ts was affected by dissolving the crude material in 
250 ml portions of 5 m hydroxide. Evaporation of the ether under reduced pressure gave an 
at of the previously prepared 2,2-dinitro-3,3- 


) of a white, waxy 


oil the ibsorpt on spectrun Wi ch was identi 


dimethylbutyronitrile. Sublimation of the oil ; 0°/20 mm gave 1:3 g (1 


97 
J 
: residue was dissolved in ether and extracted with § , Sodium bicarbonate solut 
; the bicarbonate extract with cold hydrochloric acid prec pitated 1:2 g of solid ma 
The petroleum ether extract (above) was extractec h 5 sodium bicarbonate s 
i fication of this bicarbonate extract gave another 0-3 g of solid material, m.p. 102-103 
were combined (1°5 g, 9:1°,) and recrystallized from aqueous methanol several time 
: melting point to 110-5—111° (dec.) 
(Found: C, 35-48; H, 4:70; N, 18-69; neut. equiv., 206°7. Calc. for C,H, 
dinitroacetamide C, 35-11; H, 5-40; N, 20°48: neut. equiv., 205.) ; 
Ihe petroleum ether extract (above) was concentrated at a low temperature. The = 
when cooled t { ive white crystals wh vere recrystallized from aqueous ethanol, 
(13-6°,) of product, m.p. 120° (dec). Successive recrystallizations from ethanol er 3 
point to 132-133° (dec.) 
(Found: C, 38°75; H, 4:62; N, 21°84. Calc. for C,H,O,N, (2,2-dinitro-3,3-d iii 
nitrile): C, 38-5] H, 4:8 N. 22-46.) 
‘ Isolation of the t d product was carried ou s follow a suspensi ym of 15-3 2 (0-1 mole) of 
sodium dinitrocya e inether was treated with 10-2 g(0-1 mole) of sulfuricacid dr ypwise. After 
the dium bisulfate Ss re ed by filtr the filtrate was added to 200 g (2-7 mole) of t-butyl 
alcohol, and 15 g (0-148 mole) of sulfuric acid was added to this solutio Chis mixture was kept at ; 
: 0 for 24hr. Re \ of ) e mat i el iced pressure left a hea liquid which was , 
ir) re es ITI ACIC residual ) 1d Was tnen 
aissoived tf! one iif water 1 dried Vill mavne im sulfate 
I ip tion ots vent id residue W ed onto a filter with 25 igqueous methanol 
; Yield of the residue 11-0 This mater \ dissolved warm benzene and N-t-butyl dinitro- 
iceta le was precip ed by addition of eum ether. The filtrate is evaporated leaving a 
Sc solid residue Ad yn of petroleum ethe ssolved away 2,2-d ro-3,3-dimethy| EE 
nitrile and leftas p. 162-165 , yield 1-3 g. Successive recrystallizations from aqueous ni 
raised e po 165 
(Found: C, 50-90: H. 6-82: N, 25-43: mol. wt. (ebull.. acetone). 268 
{/k ylation of Silver Dinitrocyanomethide 
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product 
(Fou 
20-69 


led (1 20-124 do Infrared cxan ved a dinitro : 
] cf y were 
, 
4 
H N, 20 40. for C.H,,O.N C, 35-12: H 
an ‘ 
y 
i} 
| 24 \ 
\ Thi 
} 
( 6: H ‘ ( rC HON H, 2°99: N, 2 
Rex t ene vielded 18:5 ¢ 
4 104 OY Afte re t in ether 
‘ 117 
Found: C, 27-45; H, 3-08 +8. Calc. for C,H,O;N C, 27°16; Hi, 
+17: N, 19-00 ‘ 
The filtrate ft tion) was evaporated, and alter 
com ll of the al ve was remove the eco te of 3-7 13 4.4- 
dinitro-4 wmobutyric acid, 12-74 After several recrystaiizat s from chlorolorm the 
ut 73-74 
‘a 
a 29-34: H, 2-34: N, 20-39: neut. equiv., 68-6. Calc. for C,H,O,N,: C, 29°57; H, 
neut. equiv., 67:7.) 
: 


Chemistry of dinitroacetonitrile—I] 


Acid 


To a solution { (0-056 mole) of ac i 11 ml of t-butyl alcohol was added 8-0 g 


(0-039 ind for 
14 hye 


lorotorm 
t was observed 
ippeared to be 


10t be purified 


yl acetate was 
ire After 


Dinitroacetonitril 1 of 4-0 2 (0-016 mole) of 


1.3. 5-tri-acrvly neti nd the solution was stirred 


recrystallized 


at 35-40° for 1Shr. So and 
crystals. When this material lorof iused crystallization of 
25g (26%) of product, m This was recrystallized again from ethanol—chloroform 


without changing the melting point 


(Found: C, 34:14; H, 3-03; N, 26-09. Calc. for C,,H,,O,;N,.: C, 33-66; H, 2:82: N, 26-17.) 


99 
and filtered, yiciding 6°0 g (69"..) of solid, m.p. 111-113 No depression in melting 
: j during a mixed point h material prepared above (m.p. 115-117 There 
readily 
x-Dinitro 
dit 2.2 M4922 « of cid atr temr 
iric acid a em] 
tri lor 30 ere 0-0/7 mole) of elac cry cid was added to 
the Ihe ‘ ‘ 2 it40°. So t was re ved under reduced 
. pre Cay Ext { f esid th ethe | chloroform yielded 4-5 g 
(34 p. 14 13 R i ce vater and twice from 
in ethyl ace ‘ ed at 146-148 The 
pi cola ) sor 1578 « ed possibility 
of a dinitrocyva f ed NH b t 3160 d 3060 cn 
the pre f sec band is pre luc the presence of some purity, possibly the : 
(f d: CC, 3007: H, 2°54: N, 20-9 ( for C.H.O.N C, 29-57; H, 2:48: N, 20-69.) 
\ it (0-0032 14.4 imyit cK p. 11S—-117° in W mi of 
acet | ed | exoinec va 
obs« 1} re 2 ted s. Ther was extracted 
150 Al | . cl ‘ ict nelted il 
A elt bv the M on reactij t-butv! 
cohol ind tne re ecu were identical 
4 4- Dinitro-4-( hu ude Dimet 
Dinitroacetonitrile vd e,922(0-04 € dded to a sol yn of 2-8 g (0-05 mole) of . 
cr 1 f After the s } he ed t for 40 hr nount of oil 
cl | < t solvec 10 mil of 
mor rate fl f A ed under reduced 
pre re, | ) of ve whic tillec The fraction whic lled at 
80-81 /0-4 mi cighes 
(} d: C, 35-83: H.4 N, 18°68. Calc. for C-H,,O,N C, 36°05; H, 4-75; N, 18-01.) 
crude adduct trot iclior ] ( ed cad of convert 4 the acetal 
Mater | whi ted t 1.4 » ny redist ition at 
80-92 O-75~-1-31 nart lecomt mn ¢ d not be avoided, and the product which was obtained 
was not of satisfactory purity 
(Found: C, 36°13; H, 2°80; N, 19-34. Calc. for C.H.O.N C, 32°11 H, 2°69: N, 22-46.) ‘ 
Dinitro-v-C yanobut yr yl) Perhydro-s-Triazine 
‘ 
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Vi ¢-Bis-4,4- Dir 


10-0 (0-065 mole) 


0 
Dinitroacetonitrile tetrahydrate, 25-0 g (0-123 mok id ution 
| ck < 
( 4 H, 2-62: N, 27°30. CH C, 31-73: H, 2-91; N, 26°92.) 
i} 
Sep rf 
q 
‘ 
‘ ed 
| 
After 
4 
‘ 
re 
Alle ire 
N.(?.9.D Ber 
) \ a 
hvlene- 
7 20 17-118 Al on if etrac rik ind twiee iron 
‘ ? , 
2-40: N. 22-82. Calc. for C,,H.O.N,: C, 45-46; H, 3-03; N, 21-21.) 
N.(?.2-D yano )\Acetan 
sol 0-09 c) of N-methyl cet 0 ethyl acc e was stirred at 
, nor ron 
3 and allowed to st he ere ev ed trom 
the hitrate ler reduc pressure. TT! esiduc shake Cx tht to three volumes ol 
: nesium sulfat Alter the mixt c 1d been hiiteres as vent evaporated om the filtrate, the 
A. or Liet 343, 20 05 
* A. Chwala, C Aen 43, 569 


residue crystall 


Chemistry of dinitroacetonitrile 
ized when it was 
recrystallized from b 
(Found 


Il 
chilled 

rel ) 
( 


rhe weight of product was 5°5 g (33 


101 
t of 76 
H.O.N, 


It was 


this co 


(Found 


mixture Was allo 
50 ml portions of ether The ether extrac 
sulfate. The ether was removed in vac 
The product was a lis 
refrigerator 


uo 
rht yellow liquid 


y ield 


il the 


N-(2,2- Dinitro-2-Cyanoethyl) Methacrylamid 
4 mixture of 4:2 mole) of methac in le and 1-5 7 (0-05 mole paraformaidenyde was 
rround togethe i ortal Iwo drops of turate igueous pot carbonate solution 
vas add to the 2-31 The xture was scraped into a 
test tube and heate SO melted to gi clear This was 
cook ed i The vas stirre le 14 of pulverized 
Drierit dade to 40-45 1 stirred whil of dinitro- 
ICE le (0-0 0 f et pwise du ya perio Heating 
v it 40-45 is CO ‘ The ed. red il eriai 
porated from | ’ reduced pre residue was cove! th one to two 
product, whe t rhed 3-3 2 p. 70-73 After o recrystallizations from 
(Foun ( 6°54: H, 2:78: N, 241 Calc. for C-H,O,N,: C, 36°84; H, 3-51 N. 24-56.) 
: N.-(2.2-Dinitro-2-¢ icrylamide 
This prepar tio ried out exac ne ine pr eding one. u tne same 
molar intitic f ‘ reave iter had be oved fro the 
reacts Kture and rit ce-water and e cl crySsta 
tion did not take plac The product ethe iried ignesium sulfat ind 
the iner evapo! \ orc tetrac ca ia ttle ror | ibout crystal- 
iter ce-Dall i! cl ne 2-1 (20 m.p. 80-82 After 
‘ ; (Found: ¢ 34-14: H, 2:79: N, 26°44. Calc. for C,H,O;N,: C, 33°64: H, 2°80; N, 25°17.) 
Urea 
Dimethylolure 13-2 g (0-11 mole) and is Magnesium sulfate, 9-0 g (0-075 mole), were : 
‘ j 1% far Shr u | roa ) rile 
(0:22? mole) in et c dded dropw Str 12° was cont ed Ove 4 ai Sn , 
at rox temperat the I w day. S ed vere hiitered and the latile te was 
evaporated iro ger reduced pre irc Wi! the vVisc is re jue was U rated with 
cold water, it so fe filtere i dried. It extracted thor \ th ethyl ether and 
filtered. The residua 1 appeared to be fj eric. Evapt tion of the ethe ftti-Se (4 of 
solid which melted at 12 Extract of terial with boiling ethylene dichloride dissolved only 
a trace of product ric ysta ed from t filtra vhen cooled, m.p. 125 The ko iterial 
which remained na C A extracte [ y C oroet ine and tered M t of the 
solid aga remaines ( ved and cry oot ed tro the filtrate elted at 134 The residue 
wast ally di SU ved ‘ tne solut S COOK ce Dal ind pl 1uct Was CI stall DY 
gradual addition of petroleum ethe This terial melted at 136, anda ytical data reported for 
GEE mpound were obtained from this s nple 
Gam: C, 24-71 H, 2:52: N, 32-01. Calc. for C;-H,O,N C, 24°28; H, 1-73; N, 32°37.) 
Dinitro-2-Cyanoethanol 
Seventy-six and one hall grams of sodium ad trocy omethide (0-5 mole) was dissolved in small 
portions at room temperature in 250 ml of 37", for ['wenty-seve d eight-tenths 1 ters of 
chilled concentrated sulfuric acid (0-5 mole) wa ided with stirring over a § hr periox The reaction 
tempec iture Wa m nta ‘ be een 23 and a iT me DY Cal sol al LL il | ict 0 
perature f yur days d was then extracted th four 
were combined d dried over anhydrous magnesium 
» vield 76-5 g of 2,2-dinitro-2-cyanoethanol (95°, 
1-4470. which solidified on standing overnight | 
F 


A. Rotewicz and K. S. McCALLUM 


PARKER, W. D. Emmons, A. S. PAGANO, 


vlate 


(0-113 mole) of fluoroa a | ‘ f di-f-naphthol was added drop- 
9-7 (0-113 ch arate tnat the temperature 
rature for 5 min and then 

temperature of 20-30 
ce water. The aqueous 


{ water layers were then 


varated and the 


il solution was 


} 
snowed 


omethyl band 


UI | po ions ol 


three 


was evaporated under 


de liquid was distilled 


frared spectrum of this 


band at 1600 cm~' and an intense nitrate ester band at 


initrocyanomethy! 


yund: N, 24-62 alc. for N, 27°19.) 


To 23 
wise with Co 
did OL CACK 
14-0 (0-08 
4 The reaction 
; neutr ed by the addition of s sod carbonat Ihe ether laye 
aqueous as extracted th two 50 mi por s of ether The combined ctherc 
| > lo 
of water ed ove sium su tc The solve vas removed under 
reduced pres ire to give or cru \ LU of tritiuoroacetate as 
was dical by it frare pect! The sh led to yie 64¢(32 ) of 2.2- 
dinitro-2-c el icrviat O-( The spectrum of the distillate a 
nitrile ption band at 2260 t 1740 1a dinitrocvan at 
1602 ¢ 
(Fe d: C, 36°80; H,2-91 eut. equiv., Calc. for C-H;O.N C, 36°69: H, 3-08: neut 
equiv., 114°5) 
2 i} ‘ 
The pro lure described above d 0-13 ole) of celic anhydride S 
(0-13 f acetic acid, and 16°0 riV f 2,2-d ct e 11-3 ¢@(57 pot 
crude 2,2 2 inoethyl acetat Vac ve ¢ 34 product, b.p. 71-92 
1Or Anot ort 5:2 or pure 2 tro-2-cvanoethy! 
acetate, /1 m7 1439 
(Foun ( 10-9 H. 2-45: N, 20-9 Calc. for ( H, 2-48 20°69.) 
2,2-D )~< eth fervla 
To f chlorofor vas added 3-5 g (0-022 mole) of 2,2-dinit ol, 1:3 (0-010 
mole) oO ricic pron \ Ihe mixture 
was stirre cc ink y hile 1°83 } »0 oT cry c cd in coo ata 
evolul if ine reac 3 r, and the 
hvdr en ‘ | ‘ ed S00 ml! of 
ce \ thi ee 100 mi tions 
the trat she to re ) cact vivi chk ac After 
(4 b.p. 56-60 0 eX ed a carbony 
insorptn 1/5O¢ if < 1600 
(Fe 8: H, 2-21: N, 19-42. Calc rC.H.O.N C. 33-50: 2-34: N, 19°53.) 
\ yan — 
there rop se 12-0 { 7A tro-2-cy ‘ ta temperature VU 
‘ 
After ! " e reactio xt s removed n the alt bi nd allowed to 
p wal told. Oilyd vet the riace of the xture, whi vas then poured into 
500 ml of ice water. The ’ extracted th one 300 ml and two 50 ml portions of ether ; 
4 reduced pressure to give 10-3 g (6 ) of crude product. A portion of the cru 
material showed an intense ( ii 
: 1678 
CF 


Chemistry of dinitroacetonitrile—II 


2,2-Dinitro-2-Cyanoethyl Trifluoroacetate 


When 2,2-dinitro-2-cyanoethanol (above) was added to 25 g of trifluoracetic anhydride at 0-5”, the 
alcohol did not dissolve. The anhydride was heated to reflux and addition of 2,2-dinitro-2-cyano- 
ethanol was continued > dissolved under these conditions ve mixture was 

ind overnig! 


it. All volatile material 


heated at 55° for another 
0-2 g of ethyl central 


1.3 32 m. n2° 1-4037: (2) 1-6¢. )°/0-05-0-08 


fractions were obtat 


mm, mj), 1°4045 


under reduces 
nd redistilled 
| based on 


lah 


36-6 


roacetyl grout 


Reactio meti yl 
To 28 g (0-023 mole) of potass ded 


dropwise 2-5 g (0-0115 mole) of methyl 4,4-d 


panied by immediate precipitatio 


perature was accom 


* Different preparation: sample recrystalliz ctonitrile, 


: sodium dinitrocyanomethide was Hl rared spectrum of this material containe@@@and at 
1812 cr ittributed the dinitrocyanomethyl band at 1610 cm™', and a 
very weak cyano band at 2260 cm" 
(Found: C. 23-31 H. 0-53: N. 15-97: sapn. e v.. 129-8. Calc. for C-H.O,.N.I C, 23-35: A 
H, 0:78; N, 16°34; sapn. equi 128-5.) 
2- Dinitro-2-Cyanoet! Vethacrylate 
To 1000 mi of « roto A added 42-0 le) of 2,2-dinitro-2-cyanoethanol, 53-5 g 
(0-40 le) of ’ ride, and 1-5 ¢g of cuprous chloride The mixture was rred mechani- ; 
cally Vv le 2 (0-240 i methacry i¢ Vas i with ¢ il iture of 
18-23 Ihere is no evidence of the evolutio chloride. T reactior ture was 
heate 90-60" for 5 hr in additiona int I hibitor was added before heating seven 
hours at the same p re. The mixture wv edt temperature, filtered into 2400 ml of 
ce water, the chlorofo er separated, a ! | r extracted 1 four 150 portions 
of chlorofor I : {1 chloroform extrac ; ed with fo 100 ml portio of § : 
obt d 24-2 g (97 of «¢ le ester. Flash « ft crude product yielded 12-9 g (51°), 
bh 6? 0-17 1-4 
(Fo 37-25 3-32: N. 16°49. Cak r C.H-O,N ( 36°69: H. N. 18:34.) 
The tc still ) 2 o-2-cyanoeth vethacry- 
the previously re ¢ ite prepare e technique 
; I ( 81: H 8: N, 18-63. Calc, for C-H-O,N C, 36°69: H, 3-08: N, 18-34.) 
Re 2.2-Dinitro-2-Cva h Sulfu { and 7 val 
Pinitroc (16-1 2. 0-1 mole) nwise » 50¢ of s ack hile the 
5 n ture be W daitio 
product was collect r and etha ] ¢ dried 
| product I2-5¢. W eated a sampk ed at 1 lec sed at 220-225 
I product wv hot v ether. | quit ble tone and 
ethyl acetate. Samp red 222° dec.) t e 23 
dec.), and acetone~ p. 223 1ec ecry | twic fron thanol 
m.p. 224 5° dec e 
(Found: C, 28-05: H, 2-88: N, 25-5 M. W.. 364. C. 29-4 H. 3-54: N. 21+ Calc. for 
C,H,,0,.N ( 27-41 H, 2-54: N, 21:32: M. W 394 
tlkaline Degradation of Dinitroacetonitrile Derivatives 
Of yellow material. One hour later there was 
225° dec. 


D. Emmons, A. S. PaGano, H. A. Rotewicz and K. 


104 C. O. Parker, W 


collected « two recryst zations from hot methanol 
melted appeared potassium salt of methyl! 
4.4-d 

lc. for C,H-O.N,K 26-08; H, 3-06; N, 


itrobutyrate 


300 mil of 


12-17: K, 16-98.) 
Methyl 4.4-Dinitrobut yrate 
When t xture det tely acidic : 
+} ) product ha 
- ‘ | the aqueous 
\ | ( iver to Unk 
( H, 4-4 C.H.O.N ( H, 4:20; N, 14°58 = 
W.. 200 Calc. for C,.H.O,.N M.W 
lo 4-25 +4 -CVa dul 
ne 
Writtle 
d +} 
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Abstract— 


lation Of preparative qua lies Of dinitroacetamide or its saits was troublesome ie to unfavorable 


solubility properties and vely facile decomposition to give dinitromet e derivatives. Dinitro- 
le und vent rm Mic Ci Aas 10 ms and co ensec aldehyde to five 

2,2 tro-2-carbamylethanol of which acetate ester and N-acylamido-derivative were prepared 


[He chemistry of dinitroacetamide has been briefly surveyed. Factors affecting the 
yield of product and occurrence of by-products were investigated at some length but 
from an empirical approach since the mechanics of the preparative reaction were 
never well understood. The chemical properties of dinitroacetamide have been shown 
to be typical of a geminal dinitrocompound, modified by the general tendency of 
dinitroacetamide, its salts and derivatives to undergo rather facile hydrolysis of the 
carbamyl group giving derivatives of dinitromethane. | xcept for this tendency dinitro- 


acetamide formed salts and gave derivatives ha\ ing the expected properties in reactions 
with formaldehyde and with carbonyl-conjugated unsaturated con pounds. The 
Michael adduct of dinitroacetamide with acrylic acid was shown to be identical with 
the product isolated from the analogous reaction with dinitroacetonitrile tetrahydrate.’ 

Dinitroacetamide was prepared by treatment of solutions of dried sodium, 
ammonium or potassium dinitrocyanomethide salts in methanol-ethy! acetate solution 
with gaseous hydrogen chloride. Product was isolated from such reaction mixtures 
simply by evaporation of all volatile material, i.e. without recourse to any intentional 
hydrolysis treatment. Some conversion to dinitroacetamide could be effected using 
methanol or ethanol alone or mixed with ether instead of ethyl acetate: even from 
concentrated aqueous hydrochloric acid an impure dinitroacetamide could be obtained. 

[he optimum conditions for the preparative reaction comprised use of approxi- 
mately the minimum amount of methanol-ethyl acetate solution required for dissolu- 
tion of the dinitrocyanomethide salt. Greater amounts of alcohol gave increasing 
quantities of side reaction products, mainly the dinitroacetate ester but also dinitro- 
methane. Separation of dinitroacetamide from crude mixtures containing these 
compounds as impurities by recrystallization of the dinitroacetamide or its potassium 
salt was found to be inefficient and wasteful. The dinitroacetamide salt was the most 
soluble of the three 

he effect of concentrated acids on the hydrolysis of sodium dinitrocyanomethide 
has been investigated by spectrophotometric means. Concentrated sulfuric, 85 per 
cent phosphoric, and concentrated hydrochloric acids have been used. Only in the 
* Part Il: C. O. Parker, W. D. Emmons, A. S. Pagano, H. A. Rolewicz and K. 8. McCallum, Tetrahedron 
17, 89 (1962) 
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case of concentrated hydrochloric acid however, have the results been sufficiently 
clear-cut to enable definite conclusions to be reached from the spectrophotometric 


curves obtained 


Dinitroacetamide an nitroacetonitrile were found to possess distinctly different 


ultraviolet absorption curve : roacetonitrile showed weak absorption peaks 


al 232 ; I an Ong a at 45 Pe dinitroacetamide, on the other 


hand, exnil 1S I IDS | 3 mM 10 ‘ I mum at 280 300 


mis ] i ometni was dissolved in 


concent! 
marsimum 


CONnCC ntrated 


24 and 48 hr, 


di 

li ‘ asc per cent 
alter yveriments \ 
cone ifu tron 
sodiu r con nifa d ic perature 


was no 


oacetatc 
ne salts n 
ther hand 34 N 


nitroacetamide sa 


at 361 mu appeared. The solutions of sodium dinitrocyanomethide in 
hydrochloric ack ere ed spectrophotometrically after 13, 
al r} ¢ 205 and Wil re mp “i with those trom samp of 
and aosordancies a were compares viln ose a sampite 
slightly above 26 ¢ There was no decomposition 
As mentioned pre lihabie cont inants accompanying dinitro- 
difficulty in obtan y pure samples o ilts of each of ese, the dinitroacetates by 
ilicoholysis of e corresp initrocyal late ind the dinitromethane 
salts’ by alkaline hy either rocvanomethide or dinitroacetamide salts 
dinitromethane etectable tities of it 
have been present roact de salt ples. On the H 
bands and amide bat idequately characterized | is 
as parent species - 
EXPERIMENTAI 
j 
‘ noved tron : 
rat thes 
Whe wo, the d be w ed 
li-4 6-8 
D Fight, rec concentrated hydrochior« 
to it In por l wa 
to come to roo After 16 hr the t perature of 
* Part iV: O. Parker, / 17. 1962) 
P. Dud Be ) Cj 26. 1202) 
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the mixture was 20°. It was filtered through Celite and the filtrate was placed in a continuous liquid 


liquid extractor with 800 ml of methylene chloride; extraction with boiling methylene chloride was 


carried out for 8 hr. Solvent was evaporated from the methylene chloride layer leaving a solid residue, 


which was washed onto a fil 


ter with fresh methylene chloride. The crude product weighed 2-2 g 
(14-7 vield) and melted at 76 


Another preparation was carried out in the same manner. After filtration, the hydrochloric acid 


reaction mixture was diluted with an ec ual volume of w iter This solutior was extracted with 85 ml 


portions of isopropyl ether The combined organic extracts were dried with anhydrous sodium 


sulfate and then with anhydrous magnesium sulfate. Solvent was ev iporated leaving a residue which 


crvstallized when covered with methvlene chloride and seeded with dinitro acetamide crystals There 


was obtained 2:1 g (14:1 yield) of crude dinitroacetamide, m p. 48-67 
2,2-Dinitro-2-carbamylethanol. Dinitroacetamide (24-2 g. 0-16 mole) was suspended in 20 ml of 
water and stirred while 13-5 ml of 37 formalin solution w iS Si vly added « Opwise The suspended 
dinitroacetamide radually dissolved but the color of the solution w is never discharged After 
standing overnight at room temperature, the solution was saturated with sodium chloride and 


extracted with ether The ether extracts were dried with magnesium sulfate and « aporated, leaving 


> vell ylene dichloride there was 


222 Of vacuum dried 


obtained 11:3 ¢ (39-4 vield) of 2,2-dinitro-2-carbamylethanol, n p. 104-107 rhe infrared spec- 
trum of this material contained bands expected for hydroxyl, amide-carbony! (1710 cm™) and vem- 
dinitro groups (1575 ¢ 

When the reactio carried out by adding the dinitroacetamide (5-0 g, 0-033 mole) to 10 mi of 
formalin, the solid dissolved very rapidly with slight evolution of heat, giving nearly colorless 
solution. Water vaporated under reduced pressure and the residual. color! oil was dissolved in 
ether and dried itl ivr im sulfate f iy I ol vent and evac tion of the residue at 


this material 


n of 1-5 (12:1 


chloride- 


wo recrystalliz 


tions from ethyl! niorid iV i nist 
(Found: ¢ 


4,4- Dinitro-4-carbamy ‘ty acta As ol 0 ¢ (0-02 c)o troacetamide in 7 ml of 


water was mixed with 1°4 ¢ (0-0. ole) of giaci crviic acid and iS allo lt tand overnight at 


room temperat ire latile iporated {ro tne react mixture under 
reduced pressure the residue crystallized It wa vasnhed onto a fhiter with methylene chioride, giving 
2:8 g (63-4, yield) of product, m.p. 80-95". After two recrystallizations from ethylene dichloride, the 


melting point was 115-11 
(Neut. equiv., Found: 75-0. Calc 73-7.) 


The infrared spectrum of this material was indistinguishable from a sample of the same compound 
prepared in a different way 


3 
| | 
filtered, evaporated a evacuated aga It POssidie LO INC extensive 
manipulation wi iri solve it low temperatures. The infrared spectrum Ci was, 
however, similar in most respects to that described above 
: d Dinitro-2-carbamylethyl acetate A mixture of 14 ¢ (0-02 re) rifluoracetic anhydride and 
: (0-0% ‘ cetic acid is stirred and ad » 50-60 r reflux for 15 in After 4 
cooling, a solut {10-1 ¢ (0-056 mole) of 2.2-d t 2-carbamylethan« SU mi of et | ether was 
added with continued st ind the solutio is heated under reflux f 14 hr. Solvent was 
eval unde equce pressure tr esiduc S GISSOL VE’ viene ¢ ge and extracted 
twice with water, t sod n DiC ponate s tio ind a ite The organic 
portion was dried t ignesium sulfate The dried methylene chloride solution was concentrated, 
cooled in a free; xture and diluted h petroleum ether, caus precipitatio i ‘ 
vield) of crude product p. 55-58 After t e recrysta tions mm a methylene El. 
petrole im ether ature, the eit yp t re ined constant at 60-62 
(Found; C, 27-00; H, 2-85; N, 19°68. Calc. for C.H-O.N C, 27-15; H, 3-17; N, 19-00.) 
N-(2.2- Dini man yi) ha vian Fre iy rec sta ethacrviamide (1 
U-U2 mole) and O 0-0 fp ere ‘ drops 
of saturated aque is im cart te ul vere a ew ch was ground 
further Whe the powder was ed t 60° for ‘ The nearly clear 
melt was cooled, d ‘ 101 of water and ered. Tothe clear fi led 3 g (0-02 mole) 
of dinitroacetamide. The nn was v ed 60 | 10 cooled, and 1: crystallization was 
complete, filtered. The ds product w hed O 18-3 id), m.p. - 
ee C, 34-15; H, 4-07; N, 22-76.) 
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PROPERTIES 
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PREPARATION AND 
DINITROCYANOACI 


CHARLES O. PARKER 
Rohm & Haas Co., Redstone Arsenal Research Divisio 


Abstract—Nitration of oximinocyanoacetic esters with mixed acids proceeds smoothly 


viek esters of trocvanoacetic ac \ repres itive ¢ if the unds 


prepare characterized Reactions of d trocya acetate esters which ! DEC Studie ith 

products characte 4. Cleay et e ) le B. Alcoholvysis t esters 

of dinitroacetic acid ( Reduction to give esters of nitrocvanoacetic acid 


Esters of dinitrocyanoacetic acid, NCC(NO,),COOR, appear never to have been 


recognized previously as an easily available class of stable compounds. Nitration 
of oximinocyanoacetate esters, NCC(NOH)COOR, with mixed acids proceeded 
smoothly at or below room temperature to give good yields of dinitrocyanoacetate 
esters with very little evidence of decomposition or of side reactions 

The behavior of reaction mixtures appears to be compatible with the chemistry 


expressed by the balanced equation (1) 


H.SO, 
NCC(NOH)COOR HNO » NCC(NO,).COOR H.O (1) 


Under optimum conditions the products usually appeared as a separate phase in the 
reaction mixture and could be extracted, washed, dried and distilled or recrystallized 
in conventional fashion. The reaction is of general applicability; esters wherein the 
R-group was methyl, ethyl, isopropyl, n-butyl, cyclohexyl, /-nitratoethyl, /-bromo- 
ethyl, and p-nitrobenzyl were prepared, purified and identified as described below 
The usual physical properties and analytical data pertaining to these compounds have 
been listed in Table | 

\ number of experiments were performed to determine the feasibility of preparing 
dinitrocyanoacetate esters directly by nitration of cyanoacetate esters, thereby avoid- 
ing isolation of the intermediate oximinocyanoacetate esters. Methyl, ethyl, isopropyl 
and n-butyl cyanoacetates were subjected to nitration while varying the order of 
mixing reagents, temperature and duration of reaction and the use of sodium nitrite 
and nitrosyl sulfuric acid in the reaction mixture. From methyl cyanoacetate products 
could be obtained containing appreciable quantities of dinitrocyanoacetate ester, 
idertified and assayed as described below. With increasing size of the alkyl group 
the conversion, ease and control of reactions became progressively less satisfactory. 
In no case was a product obtained from which pure dinitrocyanoacetate ester could 
be isolated by distillation owing to the presence of unreacted starting material and 


various products of decomposition. 


'C. O. Parker, U.S. Pat. 2,925,434 (1960) 
2 C. O. Parker, U.S. Pat. 2,925, 433 (1960) assignor to Rohm & Haas Co., Phila, Pa 
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Dinitrocyanoacetate esters as a class of compounds exhibited three general types 
of degradative reactions: 

(a) Susceptibility to nucleophilic attack on the carbonyl carbon atom giving rise 
to dinitroacetonitrile or one of its salts and a —COOR derivative of the nucleophilic 


agent. For example, alcohols and primary and secondary amines formed, respectively, 


carbonate esters and urethanes. In the presence of water, of course, the end products 


TABLE 1. DiNtrROCYANOACETATE EsTeRS, NCC( NO 


I ound ¢ ilculated 


BrCH.CH 
O.NOCH.«< 
p-O.NC.H A 


I 
M 
Id 


included carbon dioxide and an alcohol. The experimental evidence conforms to the 
typical equations (2a. 2b) for these reactions 

COOR © » NCC(NO.).H R'OCOOR (2a) 

C-C(NO,),]> R°'NH R’'NHCOOR (2b) 

medium this reaction proceeded spontaneously and rapidly 

naterial during preparative manipulation was not experienced largely, 

se dinitrocvanoacetate esters are immiscible with water. In the 

ions the very sparingly soluble potassium dinitrocyanomethide 

vy given mixture and was used both for identification and 

relatively accurate est 101 the quantity of dinitrocyanoacetate ester at hand 

(b) Dinitrocyanoacetate esters reacted with dry hydrogen chloride in ether 

alcohol solution to give some sort of intermediate which could be hydrolyzed with 

water giving the corresponding dinitroacetate ester in good yield. The identity ol the 

intermediate: in these reactions was never fully established. In several 

hvdrolvsis gave mixtures from which crystalline condensate 

appes red during distillatior Ihe int ared spectra of these crystalline materials 

showed the presence of NH bands which disappeared after further hydrolysis together 

with the crystalline material itself. Addition of dry hydrogen chloride to an ethereal 


he absence of an alcohol failed to bring 


solution of a dinitrocyanoacetate ester in t 


about anv reaction at all. In consideration of these observations it was presumed that 
the crvstalline material was imino-ester hydrochloride, which would be expected from 


normal alcoholvysis of a nitrile 
O 


H.C 
ROOCCI(NO.).H R’'OCONH HX 


Dinitroacetate esters were isolated from several of the dinitrocyanoacetate esters 


. 

3 
| | 
: 
, | Yield 
k b.p. (C/mm) 
( H N ( H N 
Me- 41-43 0-2 1-4370 25-48 1-62 21-95 | 25-40 1°59 | 22°22 
Et §§/2°5 14340 15 29:34 «2-41 20:21 29:56 2:46 20°69 
Pr 48 49 ()-3 11-4284 68 erratic 33-18 +33 19-35 
n-B 76-80 0-06 1-4359 63 6-40 18-3] 3-900 18-18 
Bu 
Cveclo-C.H 70-75 0-07 1-462 sO 40-85 14-55 42-02 4-28 16°34 
‘ 7 >.9 4% 
800-21 | 86 22-41 1-2 12-26 21-28 1-42 14-89 
Hi 6) 19 
allir molecular dist : 
fied xctrophotometrically 
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listed in Table 1. Physical properties and analytical data related to the dinitroacetate 
esters have been listed in Table 2. The stability toward distillation of crude dinitro- 


acetate esters as isolated from hydrolysis reaction mixtures varied considerably from 


one ester to another. Methyl dinitroacetate and £-bromoethyldinitroacetate gave no 


trouble and could be distilled at once. the methyl ester conventionally and the bromo- 


ethyl ester molecularly. Conventional distillation of crude ethyl dinitroacetate 


preparations was unsuccessful more often than not. Thermal decomposition initiated 


during distillation produced quantities of diethyl furoxandicarboxylate depending 


upon how quickly the distilland was cooled when decomposition was noticed. How- 


ever, ethyl dinitroacetate regenerated from one of its salts appeared to be completely 


stable toward distillation, suggesting that the presence of another species was 


responsible for the apparent thermal instability rather than that ethyl dinitroacetate is 


inherently an unstable compound.* 


Identification of dinitroacetate esters was based upon elementary analyses of 


their respective salts, infrared spectra and fulfillment of expected chemical properties. 


\ separate proble developed from the decision to investigate the behavior of 


salts of /-bromoethyldinitroacetate (1). Solutions of this compound were observed 


to undergo spontaneous elimination of bromide ion to give a colorless crystalline 


product. When it was found that negatively substituted /-bromoethyl esters in general 


eliminated bromide ion via carbonyl oxygen displacement‘ it was considered possible 


that the dinitroacetate product might be «,x-dinitroketene ethylene acetal, an exotic 


‘tructure. Its true identity as «,x-dinitrobutyrolactone was revealed by alkaline 


hydrolysis, which opened the lactone ring, cleaved the carbonyl group and yielded the 


potassium salt of aci- 3,3-dinitropropanol-| (equation 4) 


C—CH.CH,OH 


COOCH,CH.,Br O C(NO.,) > 


O..N 


Concerning this apparently anomalous behavior it may be observed that placing the 


negative charge of the anion on the carbonyl oxygen atom instead of the «-carbon 


atom involves moving it away from the physical center of electron density (which 


would appear to be at the a-carbon atom) and requires coplanarity of the two nitro 


groups with an adjacent carbon-carbon double bond. These conditions are evidently 


relatively unfavorable 


It may be of interest to mention that a few thermal decomposition reactions of 


aci-dinitroacetate esters were examined cursorily. The major products in each case 


were found to be the corresponding furoxandicarboxylic esters and nitrogen dioxide. 


It is believed that the reaction indicated by equation (5) proceeded rather cleanly, but 


insufficient attention was paid to this system to justify further comment 


(5) 


\ 
2HC(NO,),.COOR » ROOC—-C—-C-—-COOR 2HONO 


N N 


O 
L. Bouveault and A. R. Wahl, C.R. Acad. Sci. Pans, 136, 159 (1903), J. Chem. Soc. 84 1, 225 (1903): 
\. Wahl, Ann. Chem. Phys. 25,421 (1912), Chem. Abstr. 1, 1359 (1913) R.S. Curtiss and J. A. Kostalek, 
J. Amer. Chem. Soc. 33, 962 (1911) 

* C. O. Parker, J. Amer. Chem. Soc. 78, 4944 (1956) 
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(c) A third type of reaction of dinitrocyanoacetate esters is one in which one of 
the nitro groups is reduced and the product formed is a nitrocyanoacetic ester or salt 


thereof. Evidence of the oxidizing character of dinitrocyanoacetate esters was provided 


by the rapid exothermic liberation of iodine in acetone solutions of sodium iodide. 


In the presence of water or alcohols, reaction according to equation (2) interfered or 


predominated. Interest in studying this type of reaction with a view toward finding 


optimum conditions for preparative use was lacking for at least three reasons. There 


was no particular reason for wanting a new route for the preparation of nitro cyano- 


acetate esters; permanganate oxidation of oximino cyanoacetate esters was a known, 


and serviceable method: study of the chemistry of or even isolation of nitrocyano- 


acetate esters was found to be somewhat troublesome on account of solubility proper- 


ties. The properties of the lower alkyl nitrocyanoacetate esters curiously seemed to 


resemble the properties of dinitroacetonitrile except that no sparingly soluble salts 


were found. (¢ onsequently, the reduction of dinitrocyanoacetate esters was examined 


only very briefly. The potassium salt of ethyl nitrocyanoacetate, isolated from 


treatment of ethyl dinitrocyanoacetate with hydrobromic acid in ethanol. was identi- 


fied by correspondence of melting point, infrared spectra and lack of mixed melting 


point depression with an authentic sample 


In one experiment thermal decomposition of isopropyl dinitrocyanoacetate was 


performed. Only one major gaseous product was formed, namely nitrogen dioxide 


with accompanying minor quantities of nitric oxide, carbon dioxide and hydrogen 


cyanide. There was a liquid residue which crystallized when cooled and could be 


sublimed. It dissolved in water to give an acid solution containing hydrogen cyanide 


From consideration of its infrared spectrum, neutral equivalent and cyanide ion 


determinations it appeared that the product of the reaction might be an «.x-dihvdroxy 


cyanoacetate, formed by combination of a probable keto-precursor with adventitious 


moisture. The suggested relationships are shown in equation (6) 


NCC(NO.,).COOR COOR]- NO NO 


> HOCCOR HCN 


HO COOR 


EXPERIMENTAI 


The series of dinitrocyanoacetate esters listed in Table | were prepared from corresponding 
oximinocyanoacetate esters which tn turn were obtained by nitrosation of cyanoacetate esters. Since 
several of these have not been reported previously the phys cal properties and analytical data re- 
lated to the oximinocyanoacetate and cyanoacetate ester intermediates have been listed in Tables 


3 and 4 respectively 


Nitrosation of cyanoacetate esters proceeded readily at pH 4, 5. In all cases it was found desirable 


to avoid the use of acetic acid, because of the difficulty in removing it from the oximinoester product 


’K. N. F. Shaw and C. Nolan, J. Org. Chem. 22, 1668 (1957) described addition compounds of oximino- 


malonates with sodium acetate. Considering the tenacity with which acetic acid is retained by oximino 


malonates and oximinocyanoacetates it seems likely that coordination of some sort exists with acetic 


acid also 


H.O 
(6) 
HO CN | 
Cc 
F 
a 
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s NCC(NOH)ICOOR 


rption spectra 


the spectra of 


containing ban 


Taste 3. OXIMINOCYANOACETATE ESTER 
rou Calculate 
B 
( ( j 
‘ 
( 
be 
> 
00 es) 
ture 
\ 
j \ fursc acid was added 
10 flask 
ec et hic 
, 
f 0 The 
0-08 $33) A norton of tt drstille ind a muddle of destillate taken for 
ynalysis (see Table |) 
attributable to cy carbonyl! and dinitrocyanomethy! groups. In 
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the methyl and ethyl esters these bands were centered at 2240 cm~', 1784, 1790 cm-' and 1610 cm™? 


respectively 
Nitration of methyl cyanoacetate. To a colorless mixture of 25-2 g (0-4 mole) of anhydrous nitric 


acid and 81-6 g (0-8 mole) of sulfuric acid, 28-4 g (0-2 mole) of methyl cyanoacetate was slowly added 


dropwise. The mixed acids were stirred initially at 20° and the temperature was controlled at 30 


during the addition. Very slow gassing was observed. After stirring for 30 min longer, the temperature 


was lowered to 5° and the reaction mixture was left in an ice bath in a Dewar flask overnight. The 


separated upper layer in the reaction mixture was extracted into methylene chloride and this solution 


was extracted with three portions of water and dried with anhydrous magnesium sulfate. | vaporation 


of solvent left 13-89 ¢ (36-5 yield) of crude product. The infrared spectrum of this material showed 


it to be identical with methyl dinitrocyanoacetate prepared from the oximinoester 


Reaction of ethyl din cvanoacetate with aniline 4 solution of 2-0 g (0-01 mole) of ethy! dinitro- 

. cyanoacetate in ether was stirred and kept at 15 with an ice bath while 1-6 g (0-02 mole) of aniline was 
added to it dropwise. After additional 10-15 min at 15-20’, the solution was filtered. It was found 

’ necessary to wash the light colored crystalline product very thoroughly with ethyl ether before it could 
be dried and kept exposed to air without darkening. The yield if anilinium dinitrocyanomethide was 


bicarbonate solution 


with dilute hydrochloric acid, and with water agai t was dried with anhydrous sodium sulfate and 
evaporated The res crystallized when it iS ¢ ed and scratched. It was treated with two 
SUCCESSIVE port ons of charcoal tn ethanol solution before a white product could be obtained by 
addition of water. The yield of phenyl uret ie was 0-6 g (3 p. 49-SO° (lit., m.p. 53°) 


ly distilled from 


combined 


washed with bic irbonate 1 cr i OF Ii id residue 


tat ' ‘ re diet! rhonat 99174 


Addition of excess pot ride s t e bicarbe te lution of t reaction mixture 


solid precit 


residue Was disso Imes O Invic in ! 


Solver 


distillate crystallized I cl As ine cry i! 1d \ »b ned before 
the rest of the mate dist 1, b.p. mn thout crvstall Aninfrared 
spectrum of (a wed if to De xture ¢ yan N H doublet band at 3 double carbony! 
bands at 1760 and 1708 « indanitrot tL 1588 (In ethyl dinitrocyanoacetate the carbony 
and nitro bands occur at 1780 and 1600 cn espectively.) The mai port 7 distillate was then 
shaken with one ) ¢ of kK ol concentra ] I oric acid The ors c layer was separated 


cliss 


colorless distillate, b.p. 50-54 0-05 mn The infrared pectrum of this mater showed strong 
carbonyl and nitro bands at 1767 and 1584 cm re tively The 34 N H doublet and carbony! 
band at 1708 cm vere no lor present Titration with base gave an equivalent weight of 1 


(Theoretical neutral equivalent 


A 10 g sample « 


4 


lled product was treated with alcoholic potasstum hydroxide solution giving 


a bright yellow potassium salt. The salt was recrystallized once from ethanol, n p. 187° dec. Five 


grams of this salt were suspended tn 10 ml of water and were treated with sulfuric acid dropwise until 


‘ 
| d 
magnesium ethoxide 16°9 mole) of et! trocyanoacetate wa dropwise The 
adc on caused ceadie cxotnerm whic col Dyexter! cooing After standing 
‘ 
overnight at room te ethanol iS Carel e at 40 Addition of : 
three vv) cs of la ta u par ‘ mh iver The resid irom 
‘ the distillation was add in €Xcess Ol ) Dicarb« ite § nixture was extracted 
with ethyl ether. The ether extracts and tl aia f tl tillat ——_—zz 
Ethyl dinitroacetate. D wen Cc ) ¢ t oh n of 40-6 g (0-2 mole) of ethy 
dinitrocyanoacetat n 5OOn iDs te ethvi ether while t is Cc ed in an ice Dat! 
When the solution e droppe: 10 ono distilled from 
magnesium into th ropy ! i Addit é en ¢ de wa ntinued t - 
saturatior After dl ) t room re vdrogen chloride and 
ether were distilled the pot nper cl ched SU During tl tin i quantity of white 
R ‘ 1 pressure. The 
water and 
a in hl pic y Oly criected OY va procedure 
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the solution was ‘ i if i The acidified solution was extracted with ether, the extracts were 


lled. giving 3-5 ¢ of colorless distillate, 


dried ar ic 
b.p.3 rum of the recovered nitro ester 
showed it to 

- Bromoe j Celate au 1 arieca ethylene chloride 
solutio hromoethy! oximino- 


cyanoace 


1) of distillate 


of 0-6 ¢ (0-01 mole) 
prom vethy! 
was filtered and 


2°35 2 


acetone, ethyl 


acetate 
ethyl ace ether 
mixture of ‘ C,H,O.N,Brk 


one §-bromoethy! nitroacetate in 


ymmide 


he product was 
for C,H,O 
Direct titration with standard alkali, which prod a vellow solut« Y a neulr juivaient 
of 140 (theor. 176) with a fadu Back titration of excess a | . neutral equivalent 
value of 90 i th dinitropropanol-! 


together with bicarbor 


x x-Dinitro-y-butyrolactone dissolved in aqueous potassium hydroxide solution with evolution ol 


r dryness causing of a vellow sold The 


heat The solution was evapor ii ea 
residue was wa } ya filter with ethanol and was recrystalliz : boiling ethanol by addition 


trum of this pri was identical with that of a 


of a little water, m.p. 147 dec infra | spec 
sample of the potassium salt of din tropropanol-1 obtained by treating *’-nitro propy!nitrate with 


potassium hydroxide 


gum with 83-8 ¢ (1°35 moles) Of adsolute c acid a con ited 
sulfuric acid, weighed 128-9 (0-457 mole, eld). This material was dripped slowly through a 
falling film s collect the : te and returning the und | portion for successive passes Pl 
60 (0-2 mm only 2-0 of ‘ e was ec i. On the next p it 80 02m 34-8 distillate 
1-4826 I} res c passe ough at & ris;mm ga of tillate 
1-4830. The residue weighed 40-3 g, nj’ 14850. Compa of infrared spectra showed no 
significant icrent Detwec the trac ms ol tc and ] residauc Ih il data ¥ 
(Table 1) was opt ed trot inoin prepara is cle wider temperature range 
during drst ) 
Bromoe a froacetat \ julio { 38 con ere ibsolute methano 150 mi of 
commercia hydrous cther iss irated wit ydroge taken directly {ro icylinder 1 
a The solution temperature w reduced to 0-5 by exter co en HC! vapor began to emerge 
through the exit drving tube Drop se additio of 53-2 0 (0-18 e) of distilled hromothy!l 
ai ocvanoaccetate to the stirred solution at U-> vas then vile cont tion of 
hvdrogen ¢ rie The reac } nixture was allowe sta eatU over nt. Stirring was ; : 
resumed ec mixture was Cooicd in a n a 38 1 wate was Siow gropwisc 
The reaction mixture Stirre e temperature was a ved to rise to dul the course ol 
, an hour The appar S was « ed and e react mixt is poure to 400 g of ice and : 
Vater The c ul mix re was cxtrac successively wit hree 100 portions of methyienc chloride 
The combined tracts Were SKAKC h two 100 mi portio OF ¢ ter and dmed with anhydrous re 
magnesium late vapora m Of solve leit 44°06 of crude resiauc Infrared examinatio of the 
crude product snowe y ‘ s » be nearly compictc by c c Ye proportions of the N H 
doublet. Distillation throug e fa tillat 11S 009m ive 36:5 ¢ (75°. vic 
In the infrared spec Dromoetny cetate the carbony! and nitro-group absorption 
bands were centered al Va cn respectively 
Potassium froacetate Drop vise addilt o! a solution 
of potassiu hydroxide 10 of ethanol to a cold solutio f 262 (0-01 m i 
dinitroacetate d ni of ethanol caused precipitation OF WHILE salt The cold sol 
the solid on the iter washe cond cinan ind the wil Drie prox 
m.p. 145-150" dec. Dissolution of this salt in any solvent, e.g. ethanol, acetonitrite, =_ 
produc i 1 lower melting po Material precipitated from 
p. is lec.. gave an analysts consistent with the c ymposition of a : 
KB 
1,2-Dinitro 
acetone was heater inder reflux for 4 hr, cooled and filtered to remove precipitated Ppotassiu » 
The filtrate was allowed to stand idle overnight Additional potassium bromide was removed by 
filt ‘ 7 —" was xtracted into chloroform 
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AMINE BORANES—X 


ALK YLIDENEAMINO t-BUTYLBORANES THE HYDROBORATION OF 
NITRILES WITH TRIMETHYLAMINE t-BUTYLBORANI 


M. FReDeRICK HAWTHORNE* 
The Rohm & Haas Con pany Redsto ve Arsenal Research Division, Hur tsville Alabama 


Vay 1961) 


rati iliphatic and aryl nitriles with trimethylamine t-butyl borane results 
in the formation ¢ H lucts, RCH NBHit Bu Ihe principal products have bee shown to be 
vit en-bridged cyclic d ers Therm s King Of the dimeric products results in the quantitative 


ormation of less s ble 1 higher-melting mate which are either stereoisomers or stoichiomers 


The reactions of d eri enzy leneamino t-butviborane include acid hydrolvsis to y eld benzalde- 


hyde 


THE reaction of acetonitrile with diborane has been reported to yield an adduct, 
CH,CN-BH, which ts in part converted to N,N’,N -triethylborazine upon pyrolysis.’ 
More recent studies of the reactions of acetonitrile, n-propionitrile, benzonitrile and 
acrylonitrile with diborane have reaftirmed the existence of such 1:1 borane-nitrile 
adducts which were not well characterized.” Brown and Subba Rao? have shown that 
diborane may function as a reagent for the reduction of nitriles to the corresponding 
primary amine. In view of the facile hydroboration of l-alkenes and l-alkynes with 
trimethylamine t-butylborane,* it was of compelling interest to examine the reactions 


of this sterically encumbered borane derivative with representative nitriles. 


SSION 


RESI IS AND DISClI 


Aliphatic nitriles Acetonitrile, propionitrile, n-butyronitrile and i-butyronitrile 
were each treated with an equimolar quantity of trimethylamine t-butylborane in 
diglyme solution at 100 [rimethylamine was smoothly evolved. Fractional distil- 
lation of the reaction mixtures at reduced pressure afforded low yields of high-boiling 
products. In every case except that of n-butyronitrile, these products crystallized on 
standing at room temperature. Further purification was obtained by recrystallization 
from ethanol. Analyses indicated these materials to be 1:1 adducts of t-butylborane 
and the starting nitrile. The melting point ranges observed with these materials 
suggested that they were not homogenous although a good crystalline habit was 
always observed after the first recrystallization. The i-butyronitrile product melted at 
58-60 , resolidified and melted again at 110 [he molecular weight of each product 
was determined by the cryoscopic method in benzene solution and corresponded to 
that of dimer. The infrared spectrum of each product contained a B-H stretching 
band at 2390 cm™ and a CN stretching band at 1660 cm~'. The B'' NMR spectra 
of the liquid n-butyronitrile and the crystalline acetonitrile products displayed doublets 


* Visiting lecturer, Harvard University, Fall 1960 
4. B. Burg, Rec. Chem. Progr. (Kresge-Hooker Sci. Libr.) 15, 159 (1954). 
H. J. Emeleus and K. Wade, J. Chem. Soc. 2614 (1960) 
H. C. Brown and B. C. Subba Rao, J. Amer. Chem. Soc. 82, 681 (1960). 
+ M. F. Hawthorne, J. Amer. Chem. Soc. In press 
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with 6 9-9 10-* and 19-2 10°* relative to trimethyl! borate. This evidence 
and that cited above leaves no doubt that these products are dimers of alkylideneamino 
t-butviboranes formed by bridging boron atoms through the alkylideneamino groups.° 


Thus the overall reactions may be written 


formulation will be discussed below 
presented in 

described above, benzonitrile and its 

| m-methyl derivatives yielded crystalline, 

trimethylamine t-butylborane in diglyme 

except that of the m-methyl derivative, the 

into two pure crystalline fractions The 

ch system was always found to be the lower 

lubility in common organic solvents Analyses 


heir compositions to be that of 1:1 adducts 


viborane. In general. the more soluble member of each 
} 


wl the less soluble member melted near 190°. It 

ting materials resolidified when heated above their 

melting points and again! ted near the melting point of the higher-melting fraction. 
The conversion of the lowe tin ember to the higher-melting member of the 
benzonitrile product pair was quantitatively accon plished by fusion. The infrared 
spectrum of the fused product was identical to that of the higher-melting member. 
Examination of the infrared spectrum of each of the compounds described above 

in a Nujol mull revealed the following facts. In every case a C N stretching band was 
observed at 1640 cn Significant differences were observed in the fingerprint region 
from compound to compound but these differences could not be correlated with the 
melting point and solubility properties Every member of the lower-melting series of 
hydroboration derivatives except those derived from p-methoxy- and m-methylbenzo- 
nitriles, displayed a B-—H stretching doublet at 2350 and 2400 cm™'. The two 
exceptions gave sharp B—H stretching at 2350.cm ' as did every member of the higher- 
melting series. The apparent B—N stretching doublet of the lower-melting series was 
observed as a sharp singlet at 2350 cm ' in methylene chloride solution. Thus, this 


anomaly is undoubtedly a result of interactions in the crystalline state. 


> Methvilamino t-butylborane dimer displays a doublet in its B‘' NMR spectrum withd 9-7 and 18-0. 


f 
N 
RC + t—C,H,BH.NICH,), > 
N C,H, + NICH,) 
4 
CHR 
R N@ H 
L==N 8 8 
HR 
Ihe Cre nemicai msequeneces ¢ 
: Character ition data tor these mate! 
tril In accord with th 
ig elting products when treated 
til if isplar full 
. 
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Molecular weight determinations were made with each member of the more soluble 
series of derivatives. The cryoscopic method was employed in benzene solvent. In 
each case the lower-melting and most soluble products proved to be dimers. That 


these dimers are nitrogen-bridged was indicated from the position of the B'' NMR 


resonances obtained with the benzonitrile product. A doublet was observed with 
ry) 10 and 20 in acetonitrile solution relative to trimethyl! borate 
Table | reports the characterization data obtained for the derivatives of any 


nitriles 


If, as the facts presented above indicate, the new materials described in this study 


are nitrogen-bridged stoichiomers of aldylideneamino t-butylboranes, one would 


expect the substituted benzylidene derivatives to absorb strongly in the ultraviolet. 
This was observed. The higher-melting benzylidene derivative had Amax 274 mu, 
9000 and the lower melting member / 273 mu 1 1.406 [he corresponding 
p-methoxy compounds had /Amax 302 mu 18.500 and / 02 mu. 18.000. 


respectively Extinction coefficients v re calculated on the ba is of monon er molecules 


Short wave-length absorption was not well defined. In contrast, the products derived 
from aliphatic nitriles exhibited end absorption only 
A dditi n » t} “i etr vitril t-hutvih ne lduc 
evicence tor the assumed structure adducts 
{ i |, r hea kh tr 
was obtained irom the yVdrolysis of the benzont product In aque us ethanol. 
Benzaldehyde was isolated in 48 per cent yield from the hydrolysis of the lower-melting 


member of the product pair. Hydrogen and t-butylboronic acid were also observed as 


reaction products. The hydrolysis reaction is described by the equation 


(t-C,H,BHN- 2H,O 4H,O 


CHO 2H 2NH 2t-C,H,B(OH), 


Stereochemistry and stoichiomers. As shown above, the hydroboration products 
derived from aliphatic nitriles and the lower-melting, more soluble products derived 


from aryl nitriles are dimers. The position of the B'' NMR resonances of these 
compounds prove that they are nitrogen-bridged. Such cyclic structures present a 
number of possible stereoisomers. Thus, the bulky t-butyl g1 ups could be cis- or 
trans- with respect to each other and the alkylidene or benzylidene amino groups 
could assume a syn or an anti- arrangement. Thus, cis-syn. cis-anti. trans-syn and 
frans-anti configurations are possible Of these possibilities the frans-anti isomer (1) 
would be predicted to be the more stable 


rhe question arises as to the nature of the higher-melting products obtained directly 
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during the hydroboration reaction or formed by thermal treatment of the lower- 
melting products. 

Since thermal rupture of a B-N bond in the 4-membered cyclic dimers provides a 
possible mechanism for both cis-trans and syn-anti interconversions it is reasonable to 
assume that every isolated dimer species has the preferred stereochemistry shown in I. 
The markedly great change in properties which occurs upon heating these dimers 


suggests that the higher-melting products are not mere stereoisomers of the lower- 


melting dimers but are actually higher stoichiomers of optimum stereochemistry such 


as 6-membered, nitrogen-bridged cyclic trimers (I]). If the trimer ring is in the chair 


conngu4&ra s-CQuatorial arrangement 


pre Val 


EXPERIMENTAI 


icetonitrile or benzene | 


water. Table | provides the lata obtained for 


her 


nall flask ec upped with itrogel 


temperature slowly raised from 140° to 162 


The flask was the ated to 169 , cooled and ti I Lallin ict washed with diethyl! ether rhe 


product melted at 189 and was identical to tl h l 


e authentic higher-melting product in the infrared 


Preparation of benzaldehyde from ben vliideneamino t-butylhorane loa cooled solution ot 20 ¢ 


4 
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R 
al Duly 
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H 
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magnetic stirt I he on re ed I hr ne 
tonal | rand Cool to To lc per re Ihe re ‘ 200 n 
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of crysta ed Cs \ cals ere prey ) ro Wale! 
Preparatior substituted benzyli wm One tent of the proper subs 
tuted benzonitrile was dissolved in 25 ml of d ind t1 ed with 13-0 g (0-10 mole) of trimethy 
amine t-Dutvib« described above per | ne p auct iXture Vas 
treal | vith 200 | ol aiet! vi etner itere tf ile 1 over 
marr im sulfate and the s ivent removed at reduced re er ywodauct Was 
nitrile or 
these products 
Conversion of owe meilting deneamino -Dutyibe dite 10 Tie fl ther 
product. One era of the ether luble product de ed from benzonit (m.p. 141-143 ) is placec ; 
in 2 SS ees) inict and outlet. The flask was heated by an oil bath and the 
| ed 
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INTRODUCTION 


EPISTOLOGUE ON THE EFFECT OF ENVIRONMENT ON THE 
PROPERTIES OF CARBON BONDS 


MICHAEL J. S. DEWAR 


George Herbert Jones Laboratory, University of Chicago 


WirH the steady growth of science it has become increasingly difficult for scientists to keep in touch 


with one another and to discuss their problems. This has led to what might be called the Conference 


sroved an inadequate solution for three reasons. First, it is difficult to collect all the leading workers 
i 


Explosion, a proliferation of conferences, symposia, discussions, and meetings of all kinds. This has 


in any field together at any one place and time; secondly, such meetings are y time-consuming; 
and thirdly, it is almost impossible to have a satisfactory discussion at a meeting where the participants 


have not seen the papers 1 > is often a large paying audience anxious to get 


its money § worth by po incing on any i considered comment 

The last difficulty can be avoided by circulating preprints of the papers to the participants before 
the actual meeting is held; this is done with great effect by the Faraday Society, to take one example. 
The difficulty ! ma ver, ringing getnel ll the people who should be there to 


discuss some specific branch 


Some years ago the I ork oard of Tetrahedron introduced a series of 
each consisting of as i ited | 1 some specific t whi vel | ved togetl in one 


issue. When d nize such a 1osium i would be made much 


more valuable if t contributed papers were cit iter the participant that points raised 


could be discussed and the discussion published his we hi now done: and we present here the 


first Epistologue, on the Effect nvironment on . : n ince this is a new 
kind of publication, destined to reduce Confere r (a 1) place, we felt it 
ought to have a new name. The term Epistolog t j -emed appropriate implying a 
discussio 1 by corre sponde nee } a ul¢ course be exten Ol Id for example 


be circulatec t! n me field who did not to contribute papers but had 


) er was not time to develop this possibility to any extent but Professor 


comments 
Mulliken has taken par this basis 
i | interest and the papers and authors need no 


The subject of the l logue is one of great LOpical 


introduction. As the organizer I felt I should keep quiet 


JOL. 
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A SURVEY OF CARBON-CARBON BOND LENGTHS 


Davip R. Lipe, JR. 


National Bureau of Standards, Washington 25, D.C. 


(Received 3 January 1961) 


Abstract—The operational definitions of bond length are discussed. The importance of using bond 


lengths determined by the same experimental method when looking for small variations is emphasized. 


bonds and of the various types of CC 


A survey is given of recent measurements of C==C and ¢ ( 


single bonds. The single bond lengths may be fitted by a set of orbital radii which depend on the 
hybridization state of the carbon atom. Bonds between carbon and nitrogen, oxygen, fluorine, 
chlorine, and silicon are also discussed. While variations in CC bond lengths can be satisfactorily 


explained on the basis of hybridization being the major factor, it appears necessary to introduce 


} ve 
vith lone pairs are involved it 


electron delocalization effects when atoms that bond angles 


do not provide a reliable measure of the carbon hybridization 


TION 


INTRODUC 


It is probably fair to say that bond lengths have been more widely used than any other 


molecular property for providing an insight into the nature of the chemical bond. 


Even with very crude measurements of bond length, it has been possible to detect some 


of the gross effects of molecular environment upon the bond between two given atoms. 


As theories of molecular structure have been refined, there has been a tendency to 


attach significance to smaller and smaller variations in measured bond lengths. 


While experimental techniques have improved concurrently, the correspondence has 


not always been one-to-one. In the case of carbon-carbon bond lengths in particular 


it appears that the experimental uncertainties have not always been fully appreciated. 


As an example it is only necessary to cite ethane, where an observed CC distance of 


While many authors have taken this value to be accurate to 0-001 A, improved 
t distance to be 0-010 


measurements during the last three years have shown the correc 


0-020 A shorter. Furthermore, the precision of measurement of this and many other 


bond distances is now sufficiently high that it is necessary to consider the operational 


definition of the distance obtained by each experimental tec] 
While ambiguities of 0-01—0-02 A are small in an absolute sense, they are not much 


theoretically 


nidgue 


smaller than some of the bond-length variations which are regarded as 


significant. In this paper we shall discuss some of the difficulties in comparing carbon 


carbon distances and afterwards review the status of measurements on different types 


of CC bonds. Some implications of the present measurements will also be pointed 


out. 
rHE MEANING OF MEASURED BOND LENGTHS 


An ideal measurement of a bond length would provide a value for r,, the distance 


between the two nuclei in the hypothetical vibrationless state of the free molecule. 


Any practical measurement, of course, will yield a distance which Is averaged over the 
vibrational motion of the nuclei. It is clear that the nature of this averaging is not 
identical for the two principal methods of measurement, spectroscopy and electron 
diffraction. With sufficient knowledge of the vibrational motion we might hope 
1 
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ultimately to be able to correct the average distances determined by each method to 

equilibrium values. While some progress is being made in this direction, we are at 

present unable to make this correction with confidence for any but the very simplest 

molecules. It is therefore in portant to examine the validity of comparing experimental 
bond lengt! termined in different ways 

An ani the rotational spectrum of a molecule yields the three rotational 

constants a,. ,. « the ground vibrational and electronic state. It is customary to 

define ground-state moments of tia ; he 1 procals of these constants, viz., 

/.” differs in a very complicated way from 

iibriun . ina since the rotational 

excited States, it 1s 

vibrational co- 

na- 

nost structures 


We may 


ed 


ta for the 

ind the 

funda- 

es. Inan 

un’ has pr ise O “substitution” 
are determined by the 


SOLO f ¢ moments nertia wh hat ato ind m ) as substituted 


A complet ructure thu yuire | y ubstitutions on every atom. The 
nents 1°, but generally 


give calc ed momen are smaller. From this and other arguments Costain' 


has shown that { eters usually provide a closet approximation to the r.’s 


Costa 


‘ 
dete OV rroscopic ctnods have Deen OF ihe $o-calicd la type 
define a structul as | ox tric parameters which reproduce the observll 
va j j j SUC is cture gu dctined tor diatomic 
olecu ‘ olva ic typ s linear XY, and tetrahedral 
XY, However wi thtly more complicated case of 
a cc oO can ite three 
struct VIL NOL De identical Dex is tinite 
inerti ber of independent st parameters exceeds three, 
wc ore topic OTF CIM 
assu der t tain tructurs since the change 
\ j tructure Wi gepend upon 
oul whi ip been dictated by 
4 natu! nee rt i < Nu rou Kampics 
hav ry rarat of A wi different 
co fi ised int ca lo reduce this problem 
ny C1 m ary and used a icast 
structur However result 1s sull dependent 
or put dal na it Always [he real uncertamtlics in 
We n. that the structure 1s rather fuzzily gd concept 
This does not i ! ructures are useless; indeed, in simple molecules the 
cain il H ick | 
ve uu ai | it 
eflort t ivoid these os 
structures. The r. co-ordinates of 
J. Crem, Phy 29. 864 (1958), 
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than do the r,’s. The exact relation between r, and r, is not yet understood for poly- 
atomic molecules. However, the important advantage of the r, structure lies in its 
unambiguous operational definition, which can be demonstrated by two tests: (1) in 
overdetermined systems different species may be used as the starting point for the 


isotopic substitutions, and the resulting r, co-ordinates generally agree to 0-001 A or 


better: (2) in molecules which have an axis or plane of symmetry one obtains 
essentially the same r, parameters (at least for heavy atoms)’ regardless of what 
combination of moments is used. The most serious difficulty occurs when an atom is 
close to a principal inertial axis; 1n such a case the r, co-ordinate is unreliable because 
of vibrational effects, and some other technique must be used. However, if we exclude 
these unfavorable examples (which are easily recognized), the self-consistency of r 
bond lengths to a precision of 0-00! 0-002 A or better has been demonstrated in a 
variety of molecules. We can therefore have considerably more confidence in com- 
paring bond lengths in a series of molecules when they are all determined by the 
substitution 
Intera es mea i by el diffraction are generally reported 
either a ies, Obtained from the maxu the radial distributior irve, Orr, 
ve. The 
orted has been emphasized 
at least when measured 
nparison of bond lengths. For 


m butane through heptane,’ 


all in the 
tainty of 0-002 A) However, 
reported 
aistances provide a self- 
hemselves, there 
Unfortunately, 
le. In the case 
and isobutane* 
gh correction® 
in the higher 
and 1-538 A 
CC distance 
than tl values omethin ke the r, CH 
distances in the highe iraltin ana rage « ethyl and methylen groups) range 


from 1-108 to 1-121 A. while ropane the methylene bond has an r. length of 


1-096 0-002 A. and the methyl CH bond ts even ter. There seems little doubt 


that these differences are outside the experimental precision of the respective methods. 
T} hi C r difficulty when an atom nvolved in a 


l approxi 


Ol 


R. A. Bo 
K. 
D. R. Lide 33. 1514 
*D. R. Lide, J. Che j 33. 1519 
* A. Almenningen an Bastiansen cta hen cand, 9, 815 (1955); corrected to an r, value in ref 
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several distinct types of bond distances are being 


At the present time, then 


reported, and these may differ from each other by considerably more than the strictly 


( Until it is possible to reduce these distances to some 


experimental uncertainti 


common denominator (preferably r.) without too great a loss of accuracy, it 1s 


desirable to restrict oneself to a single type when comparing bond distances In different 
molecules. Even here. of course, one is tacitly assuming that r, (or r,, as the case may 
be) bears some constant relation to : i.e. that the vibrational pattern does not differ 


markedly from one molecule to another. This is probably not too bad an assumption 


ilthough its effect on methyl-group structures might be 
important 


With these problems in mind, we shall attempt a critical survey of the experimental 


results on the lengths of CC bonds of various types Aromatic compounds will not 
be discussed because of the limited amount of data. Most of the comparisons will be 


available. 


BONDS 


There is now ¢ yete agreement that the ¢ C distance in ethylene, regardless of 
the method of measurement. is about 0-02 A shorter than the 1-353 A value which has 
been accepted for iny years. Spectroscopic r, values of 1-337 0-003 A (infrared) 


and 1-339 0-003 A { ational Raman)" have been recently reported. We can 


estimate that the r, dista ; probabl 330-1-335 A: it is very unlikely to be less 
than 1-330 A. Some reported r. values in ethylene derivatives are 1-336 0-004 A in 
propyienc = 1-332 0-002 A in vinyl chloride.” 1-329 0-006 A in vinyl fluoride," 
1-325 0-002 A in 1.2-difluoroethylene,.” 1-339 A in vinyl cyanide’® and 1-347 

0-003 A in vinyl sila There appears to be a tendency for halogen substitution to 
decrease t ( C distance slightly.“ and the vinyl silane distance is higher than the 
other examples: otherwise, the variations yng these compounds are probably not 
significant. We can adopt 1-335 0-010 A as the characteristic r, value for the ¢ ( 


The constancy of the ¢ C distance is also supported by electron diffraction results. 


0-003 A in isobuty- 


methyl 


viene’ (1-206 A) i cyanoa ylene! (1-205 A). The precision of these values 


should be about 0-001 A. A somewhat! curate value of 1-209 A has been reported 


for propynal,** HC=CCHO. In acetylene itself ry 1-207 A and 7 1-205 A. 
The constancy of the C=C bond length at about 1-206 A is therefore well-established. 
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made among r, values, but r, distances will be quoted when ii / —e 
C AND Cz! 
dista 
Some reported values are 1-333 0-002 A in ethylene, 1-331 ee 
lene’’ and 1-337 0-005 A in 1,3-butadien , 
The r. leneth of the C=C triple bond has been accurately determined in El 
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The most accurate measurements available at this time indicate that any lengthen- 
ing of double and triple bonds by conjugation must be extremely small—certainly less 
than 0-010 A and probably not over 0-005 A. This result is consistent with most 


current theories. Even when conjugation is assumed to affect other molecular pro- 


perties in an important way, recent calculations” indicate that multiple-bond lengthen- 


ing should be the order of 0-005 A or less. 


( C SINGLE BONDS 


The near-constancy of the length of carbon-carbon single bonds of a given bond 
16,24 We shall review the most recent measure- 


type has been pointed out many times 


ments to see the extent to which this constancy is confirmed and to establish the best 


The symbols” te. tr. di will be used to indicate 


values for the various bond types 


carbon atoms with hybridization sp’, sp”, sp, respectively All distances are r, values 


unless otherwise stated. 
te-te. Two reliable r. values are available for saturated hydrocarbons, 1-526 


0-002 A in propane’ and 1-525 + 0-002 A in isobutane.* It has already been mentioned 


that the estimated r, distance in ethane is consistent with these. We shall adopt 


1-526 0-002 A as the standard fe—fe distance. 
te—tr. The best measurements of this bond length are 1-501 0-004 A in propy- 


lene,'* 1-503 0-003 A in acetyl fluoride,” 1-490 0-010 A in acetyl cyanide,” and 


1-500 +. 0-005 A in acetaldehyde.?’ The acetaldehyde distance comes from an ro 
structure, but a recalculation shows that r, probably does not differ by more than 


0-005 A. An r, distance of 1-507 A has been found in isobutylene.” The agreement 


among these molecules is satisfactory, and it 1s reasonable to adopt a representative 
distance of 1-501 0-004 A. 


The difference between the te—te and te—tr bond lengths is thus 0-025 A, with an 


lectron diffraction (r,) result for the te—ir bond 


uncertainty of about 0-006 A. Thee 
in isobutylene” is 1-505 + 0-003 A, which is 0-028 +- 0-005 A shorter than r, for the 


This close agreement on the difference in bond lengths is encouraging. 


le le bond.® 


tr bond is shorter, but previous estimates of the 


amount of this shortening were about twice as iarge as the present value. 


It has long been recognized that the & 


di. Good determinations have been made! on methyl acetylene (1-459 A) and 


le 
methyl cyanide (1-458 A). We may adopt a value of 1-459 + 0-002 A. 


tr—tr. There is unfortunately no r, value available for this bond type. A spectro- 
CH—CHO; 


however, this structure is far from unique since only one isotopic species was studied. 


scopic structure has been reported for s-trans acrolein,~ H,¢ 


C length of 1-45 A is probably too low. since the C=C distance used 


The reported C 
(1-36 A) is undoubtably too high. In |.3-butadiene” the electron-diffraction value for 


the tr—r distance is 1-483 0-010 A. One might guess that the r, distance is 1-47 
1-48 A. 

tr—di. Values of 1-426 A in vinyl cyanide” and 1-447 A in propynal** (HC=CCHO) 
0-001 A. However, 


have been reported. Both distances are stated to be accurate to 


this appears to be somew hat optimistic, since one atom In each molecule is rather close 


23 RR. S. Mulliken, Tetrahedron 6, 68 (1959). 

24 G. Herzberg and B. P. Stoicheff, Nature, Lond. 175, 
251. Pierce and L. C. Krisher, J. Chem. Phys. 31, 875 (1959) 

261 C. Krisher and E. B. Wilson, J. Chem. Phys. 31, 882 (1959). 

27 R. W. Kilb. C. C. Lin and E. B. Wilson, J. Chem. Phys. 26, 1695 (1957). 

28 R. Wagner, J. Fine, J. W. Simmons and J. H. Goldstein, J. Chem. Phys. 26, 634 (1957) 


79 (1955) 
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to a principal axis. An uncertainty of about 0-004 A is perhaps a more realistic 


estimate. Even so, there is no doubt that the bond length differs in the two molecules, 
and a still larger value, 1-466 + 0-010 A, has been obtained for acetyl cyanide.™ 
Costain and Morton* have suggested that the replacement of =-CH, by =O tends to 
lengthen the adjacent C—C single bond by 0-02 A; however, no such effect is noticed 
when propylene is compared with the acetyl compounds (see above). We cannot 
select a standard value for the r—di bond length, but must accept a range from 1-42 to 
146A 

di—di. Only one r. value is available 0-001 A in cyanoacetylene.' The 
r, length in diacetylene,™ 1-376 0-002 A for an assumed C=C length of 1-205 A, is 


consistent with this 


OVALENT RADII FOR CARBON 


Several efforts have been made” to explain the characteristic lengths of the 
various ( C bond types in terms of a set of covalent radii which depend on the state of 
hybridization of the carbon atom. It 1s of interest to review this procedure tn the light 
of the more accurate data now available. We wish to find three radii—p,.. p,.. and 
p which reproduce the characteristic lengths discussed tn the last section (these are 
collected in Table | under “Obs. length’). The best overall fit is obtained with the 
radii listed under “Set A” in Table |. With the exception of acetyl cyanide, which will be 
anomalous in any calculation, the mean deviation for this fit is 0-005 A. 

An alternative procedure is to assume that the bonds which involve a fe carbon 
** M. J. S. Dewar and H. N. Schm ig etrahedron 5, 166 (1959 
G. R. Somay ilu, J 
“ H. J. Bernstein, J. PA 
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atom can be characterized by a set of well-defined covalent radii—i.e. that hyperconjuga- 
tion has a negligible effect on bond length. We can use the observed lengths of the 
te—te. te—tr. and te—di bonds to calculate these radii (“Set B” of Table 2) and then 
predict the remaining bond lengths. The di—di bond is seen to be 0-014 A shorter than 
predicted, while for di bonds, the distance in vinyl cyanide is 0-008 A less, and that 
in propynal 0-011 A greater (each 0-004 A) than the predicted value. If we accept 
the electron-diffraction result on butadiene,” it is unlikely that the tr-—tr bond, where 
we have no r, value at present, differs very much from the predicted length of 1-476 A. 
If we now wish to ascribe the differences between predicted and observed lengths to 
conjugation, its contribution need not be very large roughly 10 per cent of the total 
shortening relative to the paraffinic bond is sufficient. Thus there is no contradiction 
with our premise that hyperconjugation is negligible. Furthermore, some other effect, 
perhaps electronegativity differences, of comparable importance to conjugation must 
be brought in to explain the observed variations in tr—di lengths. 

The most accurate measurements available at this time confirm that the six C—C 
bond types can be “explained” with almost complete satisfaction by a set of three 
empirical radii. The interpretation ol these radii is another matter. If we follow the 
ideas of Dewar and Schmeising”’, they may be regarded as characteristic covalent radi 
for carbon orbitals in different states of hybridization. The ratio of the differences 
(p p,-):(p p,,) is 0-025:0-042 with set B and 0-020:0-052 with set A. This 


agrees satisfactorily with the 1:2 ratio to be expected if one assumes that p is a linear 


function of the percentage of s character in the orbital.” A slightly more sophisticated 
calculation using expressions given by ¢ oulson™ predicts a ratio of | 1-87. If one 
wishes to incorporate conjugation and polarity effects into this scheme in order to 
explain the slight deviations in Table |, it is only necessary to treat them as minor 
factors whose contributions are of the order of 0-01 A. Of course, it is possible thata 
larger contribution from electron—delocalization effects has been absorbed into the 
empirical radii. However, it seems less likely that a good fit in terms of empirical radii 
could be obtained if these resonance effects were the dominant factor, since they should 
be fairly sensitive to the molecular structure. 

These conclusions are based upon the structures of a limited number of molecules, 
and they may have to be modified as more information becomes available. There 1s 
still a need for accurate measurements of CC bond lengths in a wide variety of com- 
pounds. 

APPLICATION TO OTHER BONDS 

It is natural to enquire whether the empirical radi derived in the last section permit 
any correlations of bond lengths involving carbon and another atom. | nfortunately, 
the reliable experimental data are somewhat limited, and it is necessary to mix bond 
lengths determined by different methods in order to make useful comparisons. 
Therefore. we cannot attach much significance to variations ol less than 0°02 A. We 
shall first survey the experimental results. Only bonds which are considered “‘single”’ 
in the zeroth approximation will be discussed 

Carbon-nitrogen bonds. Spectroscopic (19) values for te carbon are 1-474 A in 


methylamine* and 1-472 0-008 A in trimethylamine.™ The best example for tr 


CC. A. Coulson, Valence p. 206. Oxford University Press, London (1953). 


31D. R. Lide, J. Chem. Ph 27. 343 (1957) 
4D. R. Lide and D. E. Mann, J. Chem. Phys. 28, 572 (1958) 
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carbon is formamide, where two r, values, 1-343 A® and 1-376 A® have been reported. 
Further work will be necessary to establish a satisfactory structure for formamide, but 
we are probably safe in taking the C—N distance as 1-36 + 0-02 A. In cyanamide the 
N-+-+ N distance of 2:507 A is well determined*’: since C=N distances are always 
close to 1-16 A, we can adopt a value of | 0-02 A for the di C—N distance. 
Carbon—oxyeen ; Some reported values for the te C—O bond are 1-427 
0-007 A (r,) in methyl alcohol,* 1-417 A (r,) in dimethyl ether,” and 1-437 OOLO A 
(r.) in methyl formate.” e variation is probably not experimentally significant and 
we can take an averag 1-43 0-01 A. The most reliable determination of the tr 
C—O length in formic acid is 1-343 0-010 A (r.),** and 1-334 0-010 A (r.) has been 
reported for the similar bond in methyl fe Although some widely different 
icids, we feel that these are 
0-02 A. 
the re CF distance 1s 1-384 0-001 A in 
methyl fluoride he # h 347 0-009 A in vinyl fluoride™ and 1-348 
O-OIS A in luoride.* he distance in FC=N and FC=CH is in the range 


lues are available for methyl chloride! 


0-002 A) and cyanogen chloride“ 


bond length in mono-, di-, and tri-methyl silane® is 

tin vinyl silane’ is 1-853 0-003 A(r.). Anr, distance 
or H.SiCN 

ls, with X N, O, F, Cl, and Si, are collected in the 

“Obs ” column o Ihe shortening of the tr and di bonds, relative to the 

bond to fe carbon, is al ted. Now if the shortening observed for carbon—carbon 


single bonds ts assumed be due entirely to changes in the carbon hybridization, it is 


reasonable to tra the reduction in carbon radius (0-025 A for tr carbon and 0-067 
A for di carbon) to the CX bonds. The residual shortening of the CX bonds, after 
subtraction of this contribution from the carbon atom, is given in the last column of 
Table 2. A part of this residual shortening can be attributed to changes in hybridization 
of atom X; for example, the near-planar stru formamide™-” and cyanamide* 


> nitrogen orbital contains a higher proportion of s character than in 


lamine. However, it is difficult to ascribe the entire residual shortening 


(0-07—-0-08 A for CO and CN bonds) to hybridization changes, since the change from 


te to tr hybridization in carbon results in a shortening of only 0-025 A. We therefore 


, G. Topping, 
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32, 1592 (1960) 
atom because of the well-known tendency toward 
i ittached to the same carbon 
Lond. 185, 96 (1960); Pr Chem. Soc. 119 (1960) 
R. Merritt, PA Rev. 74, 1113 (1948) 
Chem. Phys. 33, 907 (1960) 
vate communication from J. Sheridan; see also J. Sheridan and A. C. Turner, Proc. Chem. Soc. 21 
1960); N. Muller and R. C. Bracken, J. Chem. Phys. 32, 1577 (1960) 


| \ 
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have a strong argument for bringing in electron delocalization as a major factor in the 
shortening of the CX bonds. 

There is no contradiction in the conclusion that delocalization contributes signifi- 
cantly to the shortening of CN, CO, CF, and CCI bonds but has a negligible effect on 
CC bond lengths. The N, O, F, and Cl atoms have lone pairs of electrons, and it is 
reasonable to expect that the transfer of charge form these lone-pair orbitals into a 
conjugated system involving a double or triple bond would greatly increase the 


TABLE 2. CX BOND SHORTENING 


A) Bond shortening Residual shortening 


0-01 

0-02 0.03 

0-02 0-03 

0-01 

0-02 )-07 0-03 

0-00] 

0-01 0-01 0-01 

0-01 0-05 0-01 

0-001 

0-002 0-030 0-003 

0-00! 5( 0-083 0-002 

0-002 

0-003 0-011 0-005 
1-850 0-050 


Aft 


stability of the molecule lhe situation is quite different when there are two multiple 
bonds. as in 1.3-butadiene, since the electrons which are involved in the delocalization 
must come from an already existing bond. Actually, there is other evidence to show 
that the amount of delocalization is much greater in molecules containing lone pairs 
adjacent to a multiple bond. For example. the barriers to internal rotation about the 
CO bond in formic acid and the CN bond in formamide are very much higher than the 
barriers found in hydrocarbons; furthermore, the nuclear quadrupole coupling 
constants in vinyl chloride indicate a significant deviation from axial symmetry in the 
CCl bond, while no such effect is found in ethyl chloride. 

It is interesting to note that the residual shortening of a CN bond is roughly the 
same for tr and di carbon. This is to be expected, since the NH, group provides only 
one lone pair to participate in the conjugated system. With halogen atoms, on the 


other hand. a much ereater shortening occurs for di carbon, evidently because there 


are now two lone pairs to conjugate with the two z orbitals of the triple bond. In the 


case of silicon, where no lone pairs are available, there 1s a slight residual /engthening 
of the CSi bond, which indicates that delocalization is again a minor factor. 

We have proposed a picture in which the length of a CC single bond is determined 
almost entirely by the hybridization of the carbon atoms, while electron delocalization 
effects have a strong influence on bond lengths in systems containing lone pairs. This 
appears to be the simplest scheme for explaining the observed bond-length variations, 
but no claim of uniqueness can be made. Some important factors have been omitted, 
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THE VARIATION OF CARBON-CARBON BOND LENGTHS 
WITH ENVIRONMENT AS DETERMINED BY SPECTRO- 
SCOPIC STUDIES OF SIMPLE POLYATOMIC MOLECULES 


Abstract ori i rey pectroscopic mecti Ol deter! 4 liar structures 


n 
1com 


bond 


INTRODUCTION 

RECENT de n experimental techniques and in interpretation of experimental 
data ave le ! ved ; uracy 1 Ul rmination of molecular structure 
Thus at the present time bond 
of +0-005 A or better. This 
accuracy has d meaningful to assemble valu yf bond lengths in related mole- 
cules and justifies an attempt to derive relationships between bond lengths and various 

other bond properties 
\ dependence of the CC single bond length on environment was first recognized 


by Herzberg, Patat and Verleger’ in 193 From an analysis of the photographic 


infra-red spectrum of methylacetylene, they showed that th C bond length 
methylacetylene was 1-460 A as compared to 1-540 4 for the C bond length in 
Further evidence of the variati e CC single bond length was reported 
in 1939 by Pauling, Springall and Palme ym their electron diffraction investigations. 
\ dependence of the CC double bond length on environment was first shown by 
Overend and Thompson’ in 1953 from their study of the infra-red spectrum of allene. 
They found a C=C bond length of 1-30 A in allene as compared with 1-34 A in 
ethylene 
In recent vears abundant data based on infra-red, microwave and Raman spectra as 
well as on electron diffraction experiments have been accumulated which confirm the 


1.5 


variation of CC bond lengths with environment An analysis of these data has led 


to an empirical relation” for this dependence namely, that the C—C, C=C and 


C—H bond lengths increase linearly with increase in the number of adjacent bonds 


(or adjacent atoms) 


1G. Herzberg, F. Patat and H. Verleger ' vem. 41, 123 (1937) 

I Pauling, H. D. Spr nd K. J. Pals I ner. Chen S 61, 927 (1939). 
+ J. Overend and H. W. Thompson, J. Opt c. Amer. 43. 1065 (1953) 
*G. Herzberg and B. P. Stoicheff, Nature, Lond. 175, 79 (1955) 

C. C. Costain and B. P. Stoicheff, J. Chem. Phys. 30, 777 (1959) 
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It is the purpose of this paper to review very briefly the present status of experi- 


mental values of car carbon bond lengths in si 


mple polyatomic molecules. A 
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determined from spec made to assess the deficiencies 
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constants are known for many polyatomic molecules. The ground state rotational 
constants give values of the “effectiy e” moments of inertia or more precisely, they 
give average values of the reciprocals of the corresponding moments of inertia 
averaged over the zero-point vibrations.* It is the use of these “effective” moments 
of inertia that can lead to difficulties and sometimes to uncertainties 1n structure 
determinations. 

The two methods for determining equilibrium structures, given above, can also 
be used for determining “effective” structures. In the first method one solves a set of 
simultaneous equations for the effective moments of inertia of several isotopic 
molecules and obtains the “effective” or “r,”’ structure. However, a fundamental 
difference arises het while it is expected that equilibrium internuclear distances (r,) 
in isotopic molecul ‘sam er than —-0-001 A), it is known that effective 
internuclear distance ») need be tly the same since the amplitudes of the 
zero-point vibrations are i lifferent isotopic molecules. The consequences 

are well kn *10 One obtains slightly 
different “* Ss wi ving equations for different sets of isotopic mole- 
cules,®"” the diffe: arg whe! tution has been made for 
an atom near a p! pal ; witl bout O-. the positions of hydrogen 


itoms are determined W aiso, ambdDiguities may arise 


because of the merti tf lang ol and because ol 


analogous factors 
for non-planat 

Obviously nust dis I iestion of just | much the “r,”’ structures 
differ from the “r,”” stru . irison 1s mad lable | for all polyatomic 
molecules whose equilibrium st tur nown seen tl “rr,” values are 
no more than 0-005 A larger than “r,”’ and t ca h ffere e much less. 
(It may be mentioned here that this good agreen i ay d “r.”’ is found in all 
but a few of the known diatomic molecu! | I é y. one would not 
expect “r, and “) be th n 1¢ lighte nolecule, but even so they only 
differ by 0-009 A. y this lus i mparison is possible at the 
present time for ato molecules but tl losene the “‘r,”’ and “‘r,”’ values 


shown here ap | mirm na troscopists 


t structures 
are in fact very good approximations equilibrium stru 

E\ { ment with equilibriun tructures obtained by the second 
method of deter g structures from grou tat itiona nstants. It is based 
on Kraitchman’s equations’ and th ctive structures are labelled “‘r, 
structures. Costain™ has recent! lvoc: i this method and has given a detailed 


discussion of its advantage : ul method illustrated by several convincing 


examples In this method one determines the co-ordinates (in the principal axis 


system) of each atom independently by making isotopic substitution for every atom 
in the molecule. In the calculations the dil NCE ments of inertia of two 
isotopic species are used and this results in a reduction of the zero-point vibration 


effects. It is found that the “‘r.”’ structures are almost independent of the isotopic 


* Any ground state rotational const: campic defined as B see rel. 6, p 461. 
Ser \ 


*¢ H. Townes and A. L. Schawlow, Micro d f mf p. 42 McGraw ‘Cc York (1955). 
*v. W. Laurie, J. Chem. Phy 28, 704 (1958 
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species used to determine the structures: that is, the consistency of the “r,”’ structures 


determined from different sets of isotopic species is within +0-001 A." Also, the 
errors in determing the co-ordinates of an atom are independent of the mass of the 
atom: therefore hydrogen atom positions are located with the same precision as 
positions of heavier atoms. As in the first method, errors may arise from the inertial 
defect or from substitution on atoms near a principal axis. In practice, the most 
reliable distances are those for atoms farther away than about 0-20 A from principal 
axes. For atoms closer than 0-20 A, the positions can be reliably determined by the 
use of the first moment equations if the positions of most of the other atoms have been 
determined: or when sufficient data are available, namely moments of inertia of 
doubly substituted atoms, one can use the second differences of the moments for 
locating “near-axis” atoms. Other advantages are that partial structures may be 
determined by making isotopic substitutions only on atoms whose positions are 
required and that probable errors can be given for the co-ordinates of each atom. 
At present, isotopic substitution at each atom is not always feasible. In spite of this 
difficulty it is possible to determine “‘r,”’ structures by microwave spectroscopy since 
its high sensitivity and high resolution permits the study of many isotopic molecules 
in their natural abundances. In infra-red and Raman spectroscopy, however, isotopic 
substitution is alm ‘ly restricted to replacement of hydrogen by deuterium. 
4 comparison of “r.”’ and “r,”’ structures is made in Table |. It is seen that the “r.”’ 
values are within +-0-003 A of the equilibrium values. 

In conclusion, the pre ati the spectroscopic method of determining 
molecular st tures may be summarized as follows. The equilibrium structures of 
less than ten ] atomic molecules are known. Unfortunately, progress in this 
important field is slow and for a long tin » we shall have to be content with 
structure parameters obtained from ground state rotational constants. While the 
difficulties and limitations of such structure determinations are recognized there is 
considerable reason for optimism with the “r,” and “r,” structure parameters. The 
available data (Table 1) show that these parameters are the same as equilibrium 


parameters within 0-005 A for bond lengths and | for bond angles, the “‘r.”’ values 
being somewhat better than the “r,” values. It is this closeness of “r,” and “ry,” 
values to “r.”’ values which now makes worthwhile the collection of bond lengths in 


related molecules in order to look for possible relations with bond properties. 


COMPARISON OF SPECTROSCOPIC AND DIFFRACTION 
STRUCTURAL PARAMETERS 

While the present paper is intended to deal primarily with spectroscopic structure 

determinations it is of interest to compare briefly the available diffraction and spectro- 

scopic data. Such comparisons may be of importance in establishing possible differ- 

ences in apparent structures determined by these two experimental methods. In 


several simple molecules. Only those values are included which were considered by 


Table 2 are listed the diffraction and spectroscopic values of structural parameters in 


the original investigators to be accurate to +-0-005 A and +1. Also, the results of 
as many investigators as possible are included in order to test the reproducibility of 
structure determinations 


ostain an J. R. Morton rvs. 31, 389 (1959) 
4 |. Pierce, J. Mol pectroscopy 3, 5 Krisher and L. P hem. Phys. 32, 1619 (1960) 
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It is seen that most of the values agree to within the experimental accuracy quoted 
above. Such good general agreement amongst the several different experimental 
techniques and amongst the various authors using the same technique is encouraging. 


Yet there are some significant differences which bear closer examination. For exa mple, 
the diffraction values of the CH bond lengths in CH, (and CD,) as well as in CH,Cl 
are between 0-010 A and 0-020 A larger than the corresponding spectroscopic values 


and there is a discrepancy of about 2° in the values of the HCH angle in C,H,. These 
differences are several times the experimental errors given by the original iny estigators 
and appear to support the suggestion that there may be significant differences in the 
results of spectroscopic and diffraction structure determinations. Such differences 
may become more apparent as the accuracy of both techniques is improved and would 
be more conclusive if electron diffraction data for diatomic molecules were available 
for comparison with existing spectroscopic data. According to the results in Table 2, 
there appear to be small differences amongst different experimenters using the same 
methods, for example in the spectroscopic values obtained for the C—C bond length 
in ethane, and in the diffraction values of the C—C bond length in n-butane. Differ- 
ences of this kind can only mean that further efforts are necessary by all inv estigators 
to adequately assess and to improve the accuracy of experimental values. 

In spite of the generally good agreement shown in Table 2 between the diffraction 
and spectroscopic values of molecular structures, the main conclusions of this paper 
are based on spectroscopic results, not only because they are more plentiful but also for 
the sake of consistency. For the sake of completeness, however, the available electron 


diffraction values are included in the present compilation. 


SUMMARY OF CARBON-CARBON BOND LENGTHS IN 
SIMPLE POLYATOMIC MOLECULES 


The most extensive collection of CC bond lengths covering the period up to 1955 
was published by Sutton ef a/."* in 1958. This collection includes all the CC bond 
lengths believed to be known to -+-0-02 A or better. Shorter compilations of values 


known more accurately have also been given :**” 


one of these’ includes only those 
values believed to be accurate to +-0-005 A or better. The present collection of bond 
lengths forms an extension to the latter paper. 

lables 3 and 4 contain the CC bond lengths of all the gaseous polyatomic mole- 
cules for which accurate data are available. Table 3 includes open chain molecules 
and Table 4 cyclic molecules. The quoted bond lengths are considered to be the best 
values available at the present time. Most of the values are reported to be accurate 
to at least +-0-005 A. A few values which are less accurate (to only +-0-01 A) either 
because of larger experimental error or because they are not independent of some 
assumptions, have been included and are correspondingly labelled. As mentioned in 
the preceding section, most of the data have been obtained from molecular spectra, 


mainly from microwave spectra. The values are all “r,” or “r,” parameters deter- 


mined from ground state rotational constants. Electron diffraction values (also 
reported to be accurate to -+-0-005 A or better) are included in Tables 3 and 4 to 


M4 LL. E. Sutton, D. G. Jenkin, A. D. Mitchell, L. C. Cross, H. J. M. Bowen, J. Donohue, O. Kennard, 
P. J. Wheatley and D. H. Whiffen, Tables of interatomic Distances and Configuration in Molecules and 
Ions. The Chemical Society, London (1958) 

15 M. G. Brown, Jrans. Faraday Soc. 55, 694 (1959) 


| | 
; 


140 B, P. STOICHEFT 


indicate their trend with changes in bond environment. A summary of CH bond 


lengths in simple polyatomic molecules is given in ref. 5. 


DEPENDENCE OF CC BOND LENGTHS ON ENVIRONMENT 


An examination of the bond lengths given in Table 3 confirms the conclusions of 
several recent investigations, namely, that the bond lengths for a given bond environ- 
ment are remarkably constant in different molecules. This appears to be true even in 
the few examples where atoms of very different electronegativities are adjacent to the 


CC bonds. For the C==C bond length, a small change is indicated when Cl, Br and F 


not allow any 

bond lengths on 

unds (Table 4) are 
ironment 

r conclusions*” that 

bond environment 

in the number of adjacent 


rraphs of Fig. 1. 
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All the values for the CC bond lie close to another straight line given by the equation 
r(C—C) 1-226 +- 0-028 n n 2, 3,4 


Thus an analysis of the available spectroscopic data has given empirical relations for 
the average or “normal” behaviour of C—C and C=C (as well as C—H)’ bond 
lengths. 

There appear to be a few exceptions to this behaviour for the C—C bond. These 


6“ 


include the values for butadiene, acrolein and propynal, the latter two being “r, 
values. The value given for butadiene is an “‘r,”’ value but unfortunately is based on 
assumed ethylene parameters for the two CH=CH, groups. There is also, apparently, 


a rather wide range of values for the '—C— bond length: these may be grouped 


into three values, 1-539 A (ro, ethane), 1:533 A (r,, ethyl fluoride) and 1-526 A (r,, 
propane, isobutane). The discrepancy between the ethane and propane—isobutane 
values appears to be too large to be accounted for by a difference in “r,” and “ry” 
values: one might perhaps expect a difference of at most 0-005 A and hence an “r,” 
ethane value of about 1-534 A. Acloser look at the isobutane structure determination 
shows that the off-axis C atoms are only 0-10 A from the x—y plane (determined by Os 
substitution) and their positions are subject to appreciable error, perhaps in the range 
of 0-010 to 0-020 A. It is known that the “r,” method errs in giving an apparent 
co-ordinate which is too small for “near-axis” atoms and thus it is possible that the 
C—C bond length in isobutane may be as large as 1-532 A. The short C—C bond in 


propane is reminiscent of the short CH bond in methane.’ the latter being approxi- 


mately 0-01 A shorter th he CH bonds in ethane, methyl acetylene and methyl 
cyanide 

No attempt has been made in this paper to explain the dependence of CC bonds on 
environment. Other author ive attempted to explain this dependence in terms of 
various descriptions of the carbon atoms and their environment. For example: 
Somayajulu’’ and notabl\ discuss this depend- 
ence predominantly in tert hyt Za ) erms of a-bond or 
Mulliken’’ in terms of hybridization with appreciable contributi orm conjugation 
and hyperconjugation and ygaard n tern f hybridization and electron 
delocalization: Wilmshurs n terms of hybridization on rder and ionicity; 
and Bartell** in terms of van de 1a iteractions betw 10n-bonded 

It is very difficult to t he validity or to determine the 
these various concepts his not been the purpose of the present paper 


the aim has been to establish mentally the existence of a dependence of CC bond 


lengths on their envit 
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INTRODUCTION 


As a result of the incapability of quantum mechanics to yield an accurate and decisive 
solution for a system with a given number of nuclei and electrons, the whole theory of 
the chemical bond is based upon approximation calculations. These calculatiors 
have to a great extent been guided by experimental results, of which bond-length 
measurements and conformation studies have been of particular importance. The 
approximation approach has led to the introduction of a series of concepts that have 
often been introduced as a result of mathematical resignation. These concepts are 
therefore often merely of formal value and accordingly not of an obvious physical 
nature, though they are often referred to as “effects”. Among these concepts some of 
the most important ones are hybridization, electron delocalization, resonance, 
conjugation, hyperconjugation, electronegativity, and steric effects. 

Perhaps the most important characteristic of the chemical bond is the bond length. 
For the carbon-carbon bond the bond length does not vary much with the environ- 
ment. It is often the case that a change in bond environment will lead to a bond 
distance effect which is less than the error limits of the experimental methods in use 
for bond length measurement. For the development of the theory of the chemical 
bond it is therefore of great importance to improve the experimental technique. It is 
also important to understand the principal differences of the results obtainable from 
the various methods. The safest procedure is to compare distances obtained using 
always the same experimental method. 

The present contribution is nearly exclusively based upon results obtained by the 
Norwegian electron-diffraction group. It should be emphasized that all the molecules 
are studied in the vapour phase. The present authors would consider it too ambitious 
to try to cover more of the field than the very limited results of their own school. The 
field as a whole will no doubt be taken care of by the other contributors to this papers 
symposium. 

Even when comparing results obtained from the same experimental method great 
difficulties arise as to the accuracy of the bond distance determinations. In the case 
of the electron-diffraction method for instance, the accuracy may be different for 
different compounds and also for different bonds in the same molecule. It is, therefore, 
very difficult to give a definite statement as to the accuracy. In favourable cases a 
bond distance can be reproduced to an accuracy of 0-001 A. Reproducibility is, 
however, not the same thing as the absolute accuracy that depends upon scale factors 
and complicated definitions as to what a bond length actually means. 
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the usual ten categories defined by the hybridization, six for the single bond, three for 
the double bond, and one for the triple bond. It seems to be of great importance to 
the theory of the C—C bond to extend this table to a larger number of molecules. An 
extended table would give valuable informations as to the relative importance of hybridi- 
zation and bond delocalization. Without entering into the controversies on this 
point we shall make some comments from our data: The electron-diffraction bond 
lengths given in Table | form bases for calculating covalent radii for the carbon atom 
applicable for C—C bonds. The radii are given in Table 2. Of course the number of 
compounds presented in Table 1 is not sufficient to draw any far-reaching conclusion. 
On the other hand the given radii and a series of similar radii values published by 
other authors*:!8-“° indicate the usefulness of the kind of arguments leading to these 
values. 
TABLE 2. COVALENT RADII OF THE C-ATOM FOR DIFFERENT 


TYPES OF HYBRIDIZATION 


0-604 


If one desires to argue in terms of o-bonds and localized 7-bonds some simple 


; 


conclusions may be drawn ec bond shortening effect of a 7-bond can for instance 
be studied. Comparing the three combinations sp*sp*, sp*sp, and spsp, the bond 
shortening effect going from a single bond to the corresponding double bond is 0-137, 
0-110 and 0-094 A respectively. reasonable that the effect decreases with the 
leneth of the single bond to be contracted. In a similar way the effect of the first and 


1. The first z-bond contracts the total 


second 7-bond in an spsp bond could be studic 
bond by an amount of 0-094 A. The effect » second bond is 0-076 A. In Fig. 1 
the bond shortening caused by one z-bond has been given as a function of the un- 


‘ 


contracted distance. In this presentation the effect o m-bond delocalization has 


of course been neglected, a th ffect should according to the usual resonance 


theory be expected to be rather large 


THE sp C SING BOND 
For the study of resonance effects in terms of 7-bond electron delocalization, the 
sp*-sp* single bond is of particular interest. rw amples of such a bond are given 
in Table 1, namely for cyclo-octatetraene and for 1,3-butadiene. The bond distance is 
found to be 0-021 A larger fo 3-butadi than for cyclo-octatetraene. This is a 
remarkable result in view of the fact that the 1,3-butadiene molecule is found to be a 


planar trans molecule while the bond arrangement around the single bond in cyclo- 


octatetraene is far from planar, the angle between the two Cc planes being 


H 


approximately 60°. This finding, if real, seems to be an important argument in the 
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discussion of the influence of conjugation on the C—C single bond length. One must 


seck for arguments to explain the difference in the two distances as well as the fact 


that the 1,3-butadiene molecule is planar. If resonance does not result in a shortening 
of the central C-——¢ istance, how could it then possibly be responsible for the 
planarity? A natural argument mis ught ¢ interaction between hydrogen 
atoms. One might for instan the hvdrogen—hydrogen distances in the planar 


1.3-butadicne molecule to | articular! ivourabl However, a recent calculation 


directly 
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distance value has been obtained. It was found to be 1-489 A with a standard devia- 
tion of 00075 A. The molecule seems to be far from rigid, and a rather large 
amplitude of rotational oscillation around the equilibrium position seems to exist. 
However, the electron-diffraction studies give a clear indication for a non-planar 
equilibrium conformation with an angle of 41-6" between the two phenyl rings. The 
deviation from planarity in the gaseous phase can easily be explained by interaction 
between hydrogen atoms. A comparison between the results of 1,3-butadiene and 
that of biphenyl also favours the idea that resonance seems to play a less important 
part for the bond distance The two sp*-sp* C—C distances are, within the error of 
the method, the same in spite of the less favourable angle arrangement for biphenyl. 

For the other molecules containing aromatic rings linked together with single 
bonds the electron-diffraction studies carried out so far hardly give sufficiently 


accurate values for the bridge bond length to draw decisive conclusions Altogether 


about 15 such molecules have been studied with results ranging from 1-47 to 1-52 A. 


Some of these results have been obtained using older technique and are therefore less 


reliable. The only result beside biphenyl that might be accurate enough to be con- 
sidered in this relation rom hexaphenylbenzene. The sp*—sp* C—C bond 
length was found to be ; ” 1e estimated error limit is 0-015 A. If this devi- 
ation from the biphenyl v: il, the longer distance might reasonably be related 
to the average 90° angle found between two directly linked rings.** The 1-515 A distance 
lel 


pond to a sp- distance free of p-electron delocalization efiects. 


het | 


should t 
th 


Steric effects are of « great importance for the conformation of the molecule, 


is interaction betwee! gen atoms no doubt is responsible for the 90° angle 


between each of the peripherical rings and the central ring. But also in the orthogonal! 
‘ 
conformation there are steric difficulties due to interaction between carbon atoms in 


neighbouring peripherical rings teric ef is, however, probably too small to 
contribute appreciabl he lengt y of the C bridge bond 


A systematic study of the angle between neighbouring rings in the biphenyl and 


bipyridyl group of 1 ecl may throw me light on the resonance effect. For 
bipheny! and 4.4’-bipyvri te is found 
to be as large as 42° and 3 should be 
gained in the planar form does not m t : sufficient to overcome the repulsion 


between hydrogen atoms 4 molecu f consid connection 
is the 2.2’-bipyridyl molecule 1¢ trans form this molecule 1 be free from 
difficulties. One should, therefore, expect find a pure (fra nolecule. This 


is not the case. The molecule does not seem to exhibit any ‘Il defined conformation. 


seems to be a nearly free rotation through large angle interval [he resonance 


energy does not seem to be large enough to k ep the 2,2 py lvi mol ile in the 
sterically unhindered planar trans form. One might ask for the 
force between the two hydrogen atoms in ortho position to the 
force were predominating the molecule would have assumed an unplanar cis form 
corresponding to the most favourable H—H van der Waals’ distance. Probably both 
1y correspond to energy minima, but the 


maxima in the energy curve given as a function of the angle, does not seem to be 


the trans form and this unplanar cis form m 


sufficiently high to favour any of the two stable conformations at the temperatures 


applied in the electron—diffraction experiment 


A group of molecules of interest in this connexion are the 2,2’-dihalobiphenyls. 
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Electron-diffraction studies lead to the surprising result that these molecules prefer a 
near cis instead of a near trans conformation. The inter planar angles found are 60°, 


74 and 7 he fluoro-, chloro-, bromo- and 1todo-derivatives respectively. 


(Angle ze ec he planar cis form.)”’.™* The conclusion to be drawn is that 


attractive van der Waals’ forces of the London force type and not the repulsive dipole 
forces play th redk ating part for these molecules. Conclusions along the same 
lines were obtained by Hampson and Weissberger from their dipole moment measure- 


ments.” 
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For cyclobutane the best C—C and C—-H distances obtained are 1-548 A and 1-092 A 
respectively.» The rather large C-—C distance value is probably related to the 
repulsion between two carbon atoms in diagonal position. For cyclopentane a C—C 
distance of 1-539 A is observed.* This is nearly the same as that observed for ethane. 

Both the cyclobutane and cyclopentane molecule seem to deviate from the sym- 
metric form with a four respectively fivefold axis of symmetry. This deviation seems 
to affect both the hydrogen atoms and the carbon atoms. Both molecules exhibit a 


non-planar carbon skeleton. 


CONDENSED AROMATIC RING SYSTEMS 


Electron—diffraction studies on naphthalene, anthracene, and coronene*’>*® have 
been carried out, and the results are compared with those obtained by Cruickshank 
et al. using X-ray crystallographic methods.” Really reliable values have been 
obtained only for naphthalene, and they correspond very satisfactorily with those 
obtained by Cruickshank ef al. Naphthalene should, therefore, be a good case for 
testing various theoretical approaches 

It is interesting to note the increase in the average C—€ bond distance with the 
size of the molecules. The average C—C bond distances found by electron—diffraction 
studies for benzene. naphthalene, anthracene, and coronene are: 1-397, 1-401, 1-408 
and 1-415 A respectively. One could include graphite in this list with its C—C bond 
distance of 1-421 A. By comparing graphite with the aromati molecules mentioned 
one should, however, keep in mind the principal difference that exists In graphite 
p electrons no doubt play some part in keeping the layers in the lattice together. For 
the free molecules as studied in the vapour phase all the p electrons are engaged 


within the molecule 


TED ROTATION 


AND RESTRIC 


REI 


[he problem of free and restricted rotation around a C—C bond is no doubt 
greatly dependent upon the bond environment 4 large amount of experimental 
work has been done in this field and review articles” :" and books™ have been devoted 
to the problem. The problem was also partly discussed earlier in this article. The 
only question we want to raise in this connexion 1s ollow! Do carbon—carbon 
bonds around which there is entirely free rotation exist at all? One could ink of 
molecules of the type as butyne-2. The s sp ( C bonds at the two ends of the 
molecule should not lead to restriction and the central triple bond should according 
to well established view ve cyl Further t distance between the 
two methyl groups 1 be so lar that no apprecial teric effect should be 
expected Elects ction Studies on | 4-( ( butvne 2* and | 4-dichloro- 
butvne-2“ have been carried out. No detectable restriction is observed. Electron- 
diffraction studies, however, can not exclude a possibie existence of a sm ill potential 


barrier of say 100-200 cal/mole 
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SOME CONCLUDING REMARKS 


The present contribution has come out more as a series of statements on experi- 


mental results than a real discussion of the theoretical aspects involved. 


The authors 
have considered this as their main task 


In concluding, we want to emphasize again the errors that occur in any experi- 
mental result. Being among those who are putting out distance values and other 
structure parameters on the market for the use by theoreticians we feel particularly 
responsible on this point. It should be remembered that precision measurements of 
structure parameters are difficult to carry out, but it is still more difficult to give a 
realistic evaluation of the error limits. Calculation of standard deviations gives no 
doubt a good indication of the relative error in various distances in the same molecule, 
gives a good indication of tl 
However, each molecule presents the investigator with new problems and every new 
yeriment may be obscured by unexpected irregularities 


and the study of reproducibilit 


rey 


ie reliability of the method. 
ex] 


[hese warnings are hoped to help avoiding elaborate theoretical calculations to 
be based upon experimental effect dubious existence 


Unfortunately many of the 


most interesting ym a theoretical point or viev correspond to structural 
changes on the limit of rimental methods. 


: 
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X-RAY RESULTS ON AROMATIC HYDROCARBONS 
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Abstract—Recent X-ray results ft nd lengt in naphthalene and anthracene agree to about 


0-01 A with the simple MO and Pauling theor hrvsene and quaterrylene are also discussed. The 


bearing of these results on the controversy about the effects of environment and 7-bonding in CC bonds 


is considered 


1. INTRODUCTION 


A NUMBER of recent discussions, particularly those of Stoicheff and his colleagues,' 
have shown how the measured CC bond lengths in hydrocarbons with unique classical 
structures all lie close to values characteristic of the environment of the bond. Thus 


when each carbon is three-co-ordinated any C—C single bond has a length of about 


1-48 A. Further the bond lengths alter regularly with the co-ordination numbers. 


rhe constancy of the bond lengths in particular environments suggests rather strongly 


that the unique classical structure has a high degree of relevance as a simple picture 
| I 
no a-bond character 


that the central bond in butadiene “really” has little o1 
view has been ane especially by Dewar and Schmeising On the other ha 

Mulliken® has argued that, though the simple Hiickel theory leads to dif ficulties, up-to- 
date MO z-electron resonance theories are consistent with the constancies of the bond 
lengths in the particular environments. However, even though the more recent MO 
theories may drop the bond order for the central bond in butadiene to about 0-2, it 


remains a distinct difficulty to them that the observed length of 1-462 A in the much- 
puckered cyclo-octatetraene’ is less than the 1-483 A in butadiene.® The results? for 


diphenyl and 2,2’-dipyridyl, which does not maintain the sterically unhindered planar 
trans form, also sugge haracter in their central C—C bonds 


The aromatic hydrocarbons do not have unique classical structures and their CC 


bonds must hi nartial double-bond character on any theory. Discarding benzene 


il leneth and which all tl 


I ne 


and graphite, in each ch all t bonds are of equi 


theories are arranged to fit, the study these molecules should be useful in the 


controversv over the relative effects of z-bonding and environment. In the six- 


membered rings all carbons are three-co-ordinated and, to the extent to which 


adjacent links to hydrogen or to carbon have the same effects, the environment of all 


CC bonds is the same. The variation of CC bond lengths within one molecule and in 


* It is not 

hybridiza 
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different molecules is thus primarily a reflection of their different 7-bond characters 
and mav be used to test the merits of different valence theories without the com- 
plications of drastically changing environments. Some years ago it seemed that the 
experimental results were better fitted by MO theories than by any kind of VB theory, 
including the simplest Pauling-type theory of the resonance of classical structures 
More 1 t and more accurate X-ray crystallographic results show that both the 

the simple Pauling method predict CC lengths in sterically- 


s to within about 0-O1 A hus the resonating-classical- 


is well for na nolecules as the unique-classical 
hydrocarbons. The present paper 

papers on the cry stal structures 

S (Ser. A) in September and 

naphthalene and anthracene 


predictions 
is Svn posiun 


ifKS pape! IS 


NAPHTHALENE AND ANTHRACENI 


naphthalet 
‘by the diflerential-synthesis 
least-squares method The 
he data 
squares refinement of Phillips high 
These refinements all allowed for the anisotropic 
tals and included corrections for finite series and 
he apparent atomic displacements caused by 
yf the various refinements 
ment. The final averaged | d lengths are given in Table | 


d's, estimated a litthe more conservatively than in some earlier work, are 


nately 0-005 A for naphthalene and 0-004 A for anthracene. The present bond 


lave anr.m.s. difference of 0-016 A from those found directly from the electron 
without y¥ corrections by Robertson and his colleagues, and have an 


> 4 


lifference of 0-011 A from those given by Ahmed and Cruickshank" after 


application ol simple linite series corrections The successive corrections have brought 


W. J. Cruncksha parks. / 270 (1960) 
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R.M 
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small increases in the mean bond lengths of each molecule, but some less regular 


changes have also occurred. In particular the difference between the corresponding 
internal bonds 


in naphthalene and CE’ in anthracene has been reduced from 
0-045 A in Robertson’s results to 0-010 A at present 


This reduction has removed a 
source of much theoretical perplexity 
The new X-ra’ 
Almenningen, Bastiansen and Dyvik*‘ 1n th 


in 


results are in remarkably good agreement with those obtained by 


eir gas phase electron-diffraction study. 
The r.m.s 


difference is only 0-004 A. which seems fortuitously small 


wn 


The 


peri 
including 


ations of MO tl 
The 


ries both 


nk and Spark . 
of the MOand VBtl 
orrect to about O-O1 A 
The simple MO values given by Coulson ¢ 
of 0-O12 A for 


navel 
aphthalene and 0-011 
errors to be anticipat 


A for anthracene, whicl 
ed from the known limitations of 


simple MO theory, but 


of the more important 


corrections can be made t minant 
effect Inclusion of correction 


self-consistency. 


| BLE | BOND LEN rHs (A AND ANTHRACEN 
Pa 
Bond Experimenta Simple MO 
perpo 
Naphthale 
AB 1-364 224 
BC 1-421 121 ¢ 
1-418 1-421 1-424 
Al 1-415 1-42] 1 
\ race 
ARB 1-368 + 
434 
CD 7 LO¢ 
AG 119 434 410 : 
ntal resul vil Variou i esull 
eory, 18 discussed 1n so C UICK- 
t that emerged was that t implest forms , 
ynd lengths for naphthalene and anthracene 
oretical values are also shown in Table | 
n.s differenc with experiment : 
are no greater than the 
thod Some half dozen : 
\ \ enningc ©. Bas insen a if Dyvik Private Communicati 
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variation of o-bond energy with length, and configuration-—interaction—gives some- 
what better agreement (0-007 A), though one fears that another correction might 
worsen it 

rhe earlier experimental results were in rather poor agreement with those predicted 
by the simple Pauling method, where the bond orders are given by the proportion of 
the Kekulé structures in h a particular bond is double. Its agreement with the 

halene AB has bond order % and the other bonds 

In anthracene AB has order ; and the oth | > bond orders can be seen 


immediately to be in genera! reement witl crim al results of Table |, for 


in naphthalene AB is mat ily 1 or t bon hile anthracene AB is again 


CD 15s intermediate and t other thr ire long. The lengths shown in 


those obtained from these 


rainst undue trust 


De 


applies to any experim 


AROMATIC MOI 
| arbons hi dee vestigated by 
with that 
essary [or 


wi corrections tor finite 
scTiK anisotropic viorauions a rota nal o ation etiects The results obtained 
by Burns and Iball rch ay s.d’s of about 0-004 A and are about as 


accurate as those given above for anthracene. The r.m.s discrepancies for the eleven 


independent CC bonds of chrysene are 0-016 A for the simple MO theory and 0-015 A 


The p in the numerator was inad mitt r Cruickshank and Sparks’ paper.' 


5 
Short, 
Table | in the column headed ‘Pauling superposition ar Ei 
7-bond orders p by the Pauling-tvpe formula* for the length 
|-4 (1-4 1-337) 
: 
me | Ss ifh t Ul ATO UC Lin GO: or ctinviecne 
(bond order 1), 1-397 A for benzene (order }) and 1-421 A for graphite (order 
The formula extrap estoa\ e ot 4 for a single bond, which ts seductively 
close to the estimates o out 1-48 A obtained fror olecules with unique classical 
structures, when both carbons are three-co-ordinated. The r.n diflerences between 
the exper ntal resu nd those given by the Pauling method are only 0-006 A for 
naphthalene and 0-007 A for anthracene 
Ihe change in fortune of 1 Pauling method offers a warning 2/7 
in any Dut the Ost I ougn cxperimmental analyses Thou the earlier results were 
ovptained DV what were en ac inced procedures, the curacy was over-cstimated 
Similarly the est ites of curacy of the present results mai if furthe 
tecnniguc 
OTHE 
Although many ternant 
X-ray crvs ography erv fe 
ior naphthaicne or anthracene 
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for the Pauling method. The chief cause of these larger discrepancies is the value of 
1-468 A measured for the AB bond. This is 0-03-0-04 A longer than the theoretical 
values and, as Burns and Iball point out, the reasonable explanation is that this bond 
is stretched as a consequence of the steric repulsion between the hydrogens attached 
to atoms C and I’. Other bonds will also be affected and the theories are thus not 
fully applicable to this slightly overcrowded molecule. 

A similar overcrowding between hydrogen atoms seems to be the reason for the 
long 1-53 — 0-01 A peri-bonds connecting the naphthalenic residues in quaterrylene” 
(11). Of the 81 Kekulé structures for this molecule, none involve the peri-bonds as 


double bonds: a length of 1-48 A is therefore expected and it is reasonable to ascribe 
the increase to 1-53 A as due to the overcrowding effect. Strictly this analysis by 
two-dimensional methods does not at a ach the specified standards of reliability, 
but as the 1-53 A is an average for six independent peri-bonds, it is probably sufficiently 
vccurate to be regarded as significantly longer than the expected 1-48 A 

lifficulties of overcrowding can be avoided by replacement of CH by N at 
appropriate points of the rings. The remaining CC bonds can then be compared 
experimentally and theoretically. Such comparisons seem justified by the facts that 


and phenazine*! show that their CC lengths 
are practically the same as the corresponding lengths in anthracene and because the 


the experimental results for acridine 


MO bond orders for CC bonds in hydrocarbons and in the N-replaced molecules, with 
0-5, differ very little. Mason’s experimental results’’.-* for 1-2: 8-9-dibenz- 
acridine in which there is no steric hindrance are therefore of potential interest. How- 
ever the results published in 1960 as the conclusion of the work show anr.m.s. deviation 
between pairs of chemically equivalent bonds of 0-028 A, which is almost three times 


as large as that of the interim results of 1957; one pair now differing by as much as 


0-053 A. Unfortunately the description of the refinement 1s very brief and no comment 


is offered on this difficulty: the trouble may be partly due to the fact that the data is 


only two-dimensional. Only the 1957 results were known to Cruickshank and Sparks, 
who found r.m.s. discrepancies between theory and experiment for the 12 CC bonds 
of 0-011 A for the Pauling method and 0-008 A for the MO method. In view of the 
poor internal consistency of the 1960 results it is not surprising that the two dis- 
crepancies now rise to 0-015 and 0-014 A; the relative performance of the two theories 


at any rate remains similar 


4, COMPARISON OF MO AND PAULING METHODS 
The good performance of both the simple MO and Pauling approaches to the 
determination of bond lengths in polynuclear aromatic hydrocarbons can be traced to 
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"D.C. Pi nos, F. R. Ahmed and W. H. Barnes, Acta Cryst. 13, 365 (1960 
' F. L. Hirshfeld and G. M. J. Schmidt, J. Chem. Phys. 26, 963 (1957) 

22 R. Mason, Nature, Lond. 179, 465 (1957) 
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performance seems due to the general correlation of its bond orders with the 


Pauling orders and to the use of a somewhat 5 shaped order/length curve (a more 


exaggerated S would mask the defects still further) 
As implied previously the only moderately accurate results which seem to be 


available for aromatic molecules free from steric hindrance are those fo! naphthalene 


and anthracene. Clearly more such molecules need to be studied naphthacene, 
pyrene and coronene would be obvious early choices. The analogue of perylene 


formed by joining two isoquinoline units centrosyn metrically would also be worth 


investigation as it also would be free from steric hindrance The length of its peri-bond 


would be of great interest as it has a bond-order of zero in the Pauling method and of 


about 0-4 in the simple MO theory, which pres imably reduces to about 0-2 in more 
complete treatments. This length will thus be relevant to the discussion of the long 
bonds in butadiene. cyclo-octatetraene, diphenyl and 2-2'-dipyridyl, where the present 
evidence seems unfavourable even to the ip-to-dale MO theories 

In connexion with future X-ray investigations, it may be remarked that improve- 
nents in exper mental techniques should n ike it possible™ to determine bond lengths 
with e.s.d § of about oO! third 1 men ied abo 1 LO, Say 


0-00} 


tic COUNTLCI 

to measure thousands of reflexions quickly and accurately Results of this precision 
will provide stringent tests for \ silence theories (and will Cause tne crystallographers 
the same kind of troubles over anharmonicity, etc., as are now experienced by spectro- 

scopists and electron-difiractionists) 
A final point can b« troduced by way of Trotte recent X-ray structure deter- 
nation of p-benzoc (iil im whic the various irable corrections were 
The measured bond lengths are ¢ O 1-222 BA, ¢ C 1-477 6A. ¢ ( 


structure-method 


1-3 g A These are close to the values expected in the classical 


for bonds in these environments. Within exper! ental error, the value of | 322 A is 


not significantly different from a vatuc 1-337A in ethylene. However recalling 


that the ¢ C single bond in the parafl ns2>26 is of the order of 0-01 A shorter than 
the C—C single bond in diamond, these two double bonds are not to be expected to 
have exactly the same length. This draws attention to the fact that the three reference 


points used to derive the order/length relation fot the Pauling method were for 


ethviene, benzene and graphite, where each carbon has respectiy ely two, one and no 


hvdrogens as neighbours. In the rings of aromatic molecules no carbon is ever joined 


that as a start to a more consistent approach it 


as in ethylene to two hydrogens, so 
C length in 


would be most valuable to have a modern redetermination of the ¢ 


tetramethylethylene 
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Abstract—The rotational Raman spectra of butadiene and butadiene-d, are found to consist of 

: q discrete lines having small (+0-4cm~') yet almost constant spacings, as would be expected for 
symmetric or nearly symmetric top molecules. An infra-red absorption band (Type C) of butadiene 
at 908 ¢ is observed to have a spacing of about 2:5 cm Both the Raman and infra-red spectra 
provide evidence for the frans structure of the butadiene molecule. From the rotational constants A” 
nd B” the following structural parameters were obtained (C——C—C) 122-9 0-5° and 
(C—C) 1-47 0-010 A (somewhat shorter than recently determined from electron-diffraction 
experiments) 


A. INTRODUCTION 
[Hr butadiene molecule has proven to be a very useful example in discussions of 
valence theory, particularly in the calculation of fractional bond orders and the 
prediction of bond lengths. Yet, because of experimental difficulties and because of 
the rather complex structure of the butadiene molecule there have been only a few 


ittempts to determine ¢ xperimentally its structural parameters.’ 


he most complete 
structural determination published so far is that of Almenningen, Bastiansen and 
who used electron-diffraction technique According to them the 

trans configuration with r(C=—C) 1-337 0-005 A, 


(¢ H) 1-O82 O-OL A 122-4" and 


present paper is to report on the results of a high resolution 
spectra of butadiene and on the information 


the molecular structure obtained from these spectra 


THE INFRA-RED ABSORPTION BAND OF BUTADIENE AT 908cm 

Most hydrocarbons containing a vinyl group have a strong infra-red absorption 
band near 900 cm”! which is due to the hydrogen out-of-plane wagging motion of the 
C—CH, group.* An analysis of the vibration-rotation structure of this band in 
butadiene was undertaken in order to provide information about the rotational 
constants of the molecule, and in particular to confirm that it has the trans configura- 
on. 

The infra-red spectrum was measured on a grating spectrometer described pre- 
viously* which had been modified to improve the uniformity of the grating drive. 

nbosch, Stellenbosch, Sout! 


oma im Almenningen, O. Bastian 
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A Merton-type replica grating of 2500 lines per inch was used close to the first-order 


blaze at 104. The detector was a Hilger-Schwarz thermocouple used with optical 


and D.C. amplification 
The absorption band is illustrated in Fig. 1. It is a Type C band, that is a per- 


pendicular band in the limiting case of a symmetric top. Only the A structure was 


1809-7 
18O8-30 


1806-93 


resolved and the measured line positions are listed in Table 1. The combination 


} j 
differences “Q Q and sums “Q 
K* (ft ig. 2) and from these the following band constants were obtained 


j 
Q were plotted respectively against K and 


(A B’) (A B") 0-0287 0-0008 cm~! 
(A B’) 1-20 0-01 
1-229 0-01 cm 


908-96 cm”! 


; 
z 
m e ~ / 
a cm Hg Pressure j 
x 
A 
A j a \ wa A 
j A | j 
j V j j U 
A - 
87 88 89 900 9 320 930 cm~-' 940 : 
S 
Ab CH vag rarer: 1.3 itadiene 
(cn ) (cm~') 
i) 
113-60 
15-65 101-80 13-85 1817-45 
) 20 18-32 1817-08 
5 119-80 896-80 23-00 1816-60 
J XY 39-75 1815-11 
927-80 885-40 1813-20 
10 129-70 882-50 47-20 1812-20 
931-60 879-50 52:10 1811-10 
12 933-30 876-40 $6-90 
13 135-00 873-30 61-70 
14 136-80 870-13 66-67 
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The Q ‘lines’ can thus be represented by the formula 1 908-96 — 2:40 K 
0-029 K*, and the band origin » A second set of lines, shown in 
Fig. | between A and B, has the same spacing as the main series and is probably 
caused by a ‘hot’ band 


is at 907-76 


i2- 


( THE ROTATIONAL RAMAN SPECTRUM 
rhe pure rotational Raman spectrun 
excited by the Hg 4358 line 


OF BUTADIENI 


of butadiene vapour at 15cm Hg pressure was 
and photographed with a 21 ft vrall 12 pectrograph 
A rather simple line spectrum was observed as shown in Fig. 3 similar spectrum, 
but with a narrower line spacing, was observed with butadiene-d [hese spectra 
resemble the rotational spectra of nmetric or nearly symmetric toy For 


symmetric top molecules AK remains a good quan 
rotational transitions of symmetric tops in the Raman 
\J 1,2) still hold approximate! 


(AK 0: AJ 


The analyses of the spectri 


nearly 
tum number ¢ 


iles for 
(): 


y. In the butadiene spectra only the S branch lines 
2) were observed. Their frequencies are listed in Table 


were carried out in the usual way n 
symmetric top equation for the freq 
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gave the values B 0-1413 + 0-0002 cm~! and 0-1155 +. 0-0002 cm~ for C,H, and 
C,D, respectively (and D, 10 *cm~! for both). When combined with the 
value of (A’ 8”) obtained from the infra-red band, this B” value leads to A“ 


0-Oll cm”! 


D. THE STRUCTURE OF BUTADIENI 

The present spectroscopic results confirm the trans configuration of the butadiene 
molecule. A discrete rotational Raman spectrum would only be expected for the 
rrans form since it deviates only slightly from a symmetric top whereas the cis form 
has a much larger deviation. For the latter, one would expect a complicated spectrum 
which would probably not be resolved under the conditions of the present experiment. 
The correctness of the above argument is supported by the rotational spectra of the 
‘rans and cis butene-2 molecules* included in Fig. 3: only the spectrum of the trans 
form has a discrete structure. Moreover, for butadiene the observed spacing of 
about 2:5 cm~ in the infra-red band can be explained only by the trans form: for the 


cis form a spacing of about 1-0 cm~! would be ¢€ xpected. Indeed the value of A B’ 


1-229 cm~! observed here agrees quite well with that calculated from the structural 


parameters of butadiene given by Almenningen e7 a/.', namely A B 

Phe spectroscopic results are not sufficient to determine the complete structure of 

the molecule, nor do they alone give definite proot for the planarity of butadiene. 

Nevertheless, if values of the CH, and CH parameters are assumed, it 1S possible to 

obtain reasonably accurate values of the parameters of the ¢ C— C group 

from the spectroscopic data This method was adopted in the present calculations. 

The following assumptions were made 

(1) butadiene is planar, that 1s, /, Ve 
(2?) all CH bonds have 7 1-O85 A 
(3) HCH 120°, “CCH 120 

It was then possible to calculate valu ] C) and /, as functions of 

(¢ C—C) for various values of r(C—C) from the observed value of B’. These 

results are shown in graphical form in Figs. 4 and 5. ( The observed value of B” for 

i not lea additional 


butadiene-d, confirms these results but unfortunately does 
information.) The observed value of /, (20-43 0-17) 10-* 9 cm? then leads 
to the relation (Fig. 5) 
149-65 20 r(C—C) 
The relation between C) shown in Fig. 4 expressed in 


equation form 1s 
r(¢ 5:7 C) — 0-016 /(C—C—C) 
When the above relation for , (C ‘_.C) is substituted it reduces to 
r(C—C) + 0-008 A = 3-3216 1-380 r(C=—C) 


This relation is represented by the broken lines in Fig. 4. 
According to Almenningen er a/.', the most accurately determined parameter of 


butadiene is the C=C bond length, r(C C) 1-337 0-005 A. It is in good 
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agreement with recent values of the C=C bond length in ethylene, namely 1-334 A®, 
1-337 A® and 1-339 A*. If this value of r(C=—C) 1-337 A is now taken over, the 
spectroscopic results give the related values of r(C—C) and (C==-C—C) repre- 
sented by the hatched area of I ig 4 


r(C—C) 1-476 O-OIO A 
(C—C—C) 122-9 0-5 


For purposes of comparison the values obtained by electron diffraction are indicated 
by the vertical arrowhead in Fig. 4. It may be mentioned that the electron-diffraction 
analysis indicates an unsymmetrical error distribution for r(C—C), making an 
error of 0-01 A less probable than an error of —0-01 A 

In conclusion, the spectroscopic data are in agreement with the structural param- 
eters determined by electron diffraction within the quoted limits, although the 
spectroscopic data slightly favour a C—C bond length shorter by about 0-01 A and 


a ( C—C angle larger by about 0-5" than the electron-diffraction values. Even so. 


this shorter value for the C—C bond length in butadiene still gives an appreciably 


higher value than would be expected (~1.460 A) from the observed linear relation of 
the variation of C—C bond lengths with the total number of atoms adjacent to the 
( ( bond . 
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Abstract g the del lize method, obtained 


hybrid orbit Nn on and ils on the hydroget iV iiculated th 


INTRODUCTION 
ALTHOUGH the bond between carbon a 
nevertheless we know ver’ 
is the small size of the hydrogen 
for instance, at the centre of th 
alone, we find that it is the proton int 
hybrid 
of the hydrogen is big 
bond orbital 
lation 
greatest 
methods someti 
the carbon 
In almost all previous work on 
has been used with the 
orbitals of the hydrogens as basis.* 
In this case the chemical picture of a ¢ H bond loses some of its meaning 
Therefore, with the specific purpose of retaining the chemical significance of a bond, . 
we introduce four localized molecular orbital bond orbitals 4,, d,. one for 7 


Mills, M 
* A. F. Saturno and arr, J. Chem. Phys. 33, 22 (1960) 
C. A. Coulson, 7rans waday Soc. 33, 388 (1937) 
* R. K. Nesbet 32. 1114 (1960) 
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me ine a ed ce anc \ ex] 
given of the result relation to the method of using a monocentric wave function on the carbon 3 
The energy at 1-1 A ts 40-122 a.u. and is in a rather good agreement with the results obtained by 
Mills d recently by Satur d Parr 
Ihe error with respect to the experiment alue (0-4 a.u.) ts of the order of the correlation energy ; 
* Present address l tuto di ¢ mica Generale, | ersity of Padua, Padua Ita 
R. A. Buckingham, H. S. W. Massey and S. R. Tibbs, Proc. Roy. S 4 178, 119 (1941) q 
j C. Carter, Pr Roy. Soc. A 235, 321 (1956) ‘ 
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“ach C—H bond. and we write the molecular orbitals of methane as linear combina- 


tions of these bond orbitals, the correct symmetry of the tetrahedral group 
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R \ é H 
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q T} correspond reies are repo ted in | rhe | while in Table > we vive the 
best for bond orbitals (These are obtained by 
putting / bint All the bicentric integrals and penctration three-centre integrals 
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have been evaluated exactly. The other polycentric integrals have been evaluated by 


the Mulliken approximation: 
+ 


In this work ¢, and q, are either sp* hybrid orbitals of carbon atom or pure Is atomic 


orbitals of hydrogen atoms 


The equilibrium bor 


TTT 
\\\\\ 
v . \ \ \\ 
\ 
\ \ 
\ \ 
\ | 
| | | | | | 
\ | 
\ | | 
| 
| | 
| 
| / | | | 
| / \ i |] 
| / \ | 
| 
| / J / 
| | \ \ / 
\| \ \ \ yy 
\\\ 
fu 
Me) beneth was calculated using the following Morse expression 
wher | 40) 1963 | ] 2-379 \ 
1-463 au | \ 
D is the dissociation e1 \ T} values for / a and ire those which satisfy the 
calculated Cnervic e pond icnet! in this way 1s 


List OLFari 


DISCUSSION 
he shape of a rather 


variations 


d orbitals we are 


e around the H nucleus 
aistance Ire eus which ts appropriate 
carbon aton This makes the monocentric als more diffuse (smaller 
a normal carbon atom. However, as soon as we find an alternative way 


placing charge close to the H nucleus, by introducing the term /q,, in the bond 
orbital 4. the sp* hybrids are free to resume their normal size, so that C,. increases 
All this is very clear from Fig. | 

It also shows us why, if we insist On using a monocentric expansion, we can only 


expect to get a good energy by introducing considerable configuration interaction. 


The values of the energy are quite good and are slightly better than the recent 


values of Saturno and Parr® obtained with a very flexible monocentric wave function 
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Taste 3. CALCULATED AND EXPERIMENTAL ENERGIES OF THE 


METHANE MOLECULE 


40-122 
40-06 
39-804 
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| and we cannot say whether it 1s due to a 


liken’s approximations in the evaluation of 


ntric integ! he eren th the experimental value is small (0-4 a.u.) 
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most frequently 


Abstract—Although experimental molecular structure is one of the oldest and 


pplied diagnostic es of the nature of chemical bonds, it is concluded that its application 
to all but e grossest deta of bonds such as carbon—carbon bonds remains entirely speculative 
Ihe concept of bon« liscussed to emphasize the need for careful consideration of ambiguities 
ssociated with the natura determinacy of at ¢c positions. A theoretical basis is given to the 


rent views 


d to some 


to 


ttriputec 


ous alt tion shouid 0 riven to tne re ol modonded interactions 


i 


Or the numerous physical observables dependent in some way upon the nature of 


interatomic linkages, only a handful can be unambiguously ascribed to, and uniquely 


identified with, the various individual bonds. Such special observables have played 


important roles in our striving to understand chemical bonds. Of these the bond 


length, as measured by diffraction or spectroscopic methods, is one of the oldest and 


most popular, and the carbon-carbon bond has been one of the favorite subjects. 


That the detailed interpretation of results is still a matter of active controversy, even 


for such a simple linkage as the carbon-carbon bond, is a conclusive demonstration of 


the superficiality of our understanding of the chemical bond. 


The pattern of response of C—C bond le neths to changes in environment is now 


reasonably well documented. In view of the firmness with which certain arbitrary 


interpretations of this response have become entrenched in much current writing, it 


seems worthwhile to consider alternative approaches to the problem. 


rhe basis of interpretation of bond lengths is almost purely empirical. For 


covalent bonds, internuclear distances have been found to be reasonably well repre- 


sented by sums of characteristic atomic radii.- Deviations from additivity are con- 


sidered to reveal specific interactions which, in favorable cases, can be diagnosed. 


An unfortunate circumstance greatly impeding interpretations is that the data available 


for a given bond are far outweighed numerically by the large number of interactions 


of plausible physical significance that have been invented to account for the data. 


rhe factors most commonly acknowledged to influence bond lengths are: 


(a) bond order, conjugation, hyperconjugation 


(b) hybridization 


(c) partial ionic character 


(d) nonbonded interactions. 


! This research was supported by a grant from the National Science Foundation, 
* L. Pauling, The Nature of the Chemical Bond (3rd Ed.) Chap. 7. Cornell University Press, New York (1960). 
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empirical schomaker~Stevenson rule relating Dond length to electronegativity ihe diver 
of Pauling and Walsh on hybridizatio ionic character, and bond strength are reconcilee=__EE i 
exten ith the ofa pic ode It is sho tructural co 
conju yn, hyperconjugation, hybdridizatior ind partial 1onic character can be rationalized to a 
remarkable exte nont interaction ested that these factors are not 
fundamentally as distinct from each other as they are often assumed to be, and that much more ; 
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To this list should really be added another factor which, while so self-evident as to 
appear trivial, has, unhappily, played a significant role in the study of bonds: 

(ec) experimental errors and differences in operational definitions of bond length. 
Although the above terms [except for (e)] are considered to represent distinct bond 
characteristics, precisely definable in principle even if they have not yet been in practice, 
a little reflection shows that they are more subtly interwoven than commonly recog- 
nized. Perhaps the best established of them ts (a) in aromatic hydrocarbons as 
predicted by Pauling and co-workers.” Structural effects of the others listed have been 
less conclusively demonstrated and even (a) is speculative in nonaromatic molecules, 
with which we shall be concerned in the remainder of the papet 

Curiously, at least for bonds to carbon atoms, the most neglected of the factors. 
(d), gives promise of becoming one of the most important. It was recently pointed 
out* that if a plausible set of potential functions describing interactions between 
nonbonded atoms were adopted, carbon-carbon bond lengths in a variety of non- 
aromatic hydrocarbons could be closely computed without invoking hybridization, 
conjugation, or hyperconjugation. Since the arguments were also found to be 
applicable in large measure to bond energies and other thermochemical and kinetic 
effects? previously attributed to factors (a) and (b) above, it was suggested that non- 
bonded interactions might well be dominant factors in governing the changes in 
bonds accompanying changes in environment. The principal theme of this paper will 
be to point out some interrelationships between nonbonded interactions and the 
other factors listed which suggest that th concepts they represent are not as distinct 
as generally thought. In view of the preliminary nature of the new nonbonded model it 
seems best to present it in its most elementary form, keeping its oversimplifications 
obvious rather than masking them with physically reasonable corrections. Even in this 


form it leads to an unexpected range of correlation 


INTERPRETATIONAL UNCERTAINTIES IN BOND LENGTHS 

Let us consider first factor (ec) above, the problem of experimental errors and 
differences in definitions of bond length. The reason for concern is that the response of 
bond lengths to significant changes in environment is usually very small, and of a 
magnitude often not much greater than the above uncertainties. It has only been 
comparatively recently that experimental errors in the best diffraction studies have even 
approached a comfortable margin in this respect, say ~-0-004 A or better, and that the 
full magnitude of interpretational uncertainties in spectroscopic studies has been 
recognized. In addition, virtually no effort has been made until recently to reduce 
bond lengths determined by different methods to comparable values. 

When it is considered that the natural zero-point indeterminacy associated with 
atomic positions is of the order of 0-1 A and that the probability distribution is 
asymmetric, it is readily apparent that the determination of interatomic distances will 
be sensitive to the method of averaging over bond vibrations. As simple schemes for 


treating the problem have not been fully worked out there are still interpretational 
uncertainties of the order of 10-* A in the case of C—C bonds. The C—H bond has 


+L. Pauling, L. O. Brockway and J. Y. Beach, J. Amer. Chem. Soc. 57, 2705 (1935); L. Pauling and L. O 
Brockway, /bid. 59, 1223 (1937). For a recent review see D. W. J. Cruickshank and R. A. Sparks, Prox 
Roy. Soc. A 258, 270 (1960) 

*L. S. Bartell, J. Chem. Phys. 32, 827 (1960) 

L. S. Bartell, (to be published). A preliminary report is given in Tetrahedron Letters No. 6, 13 (1960) 
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received considerable attention, however, and it is instructive to study the results for 
the familiar series of hydrocarbons listed in Table |. The parameters ry, r,, and r, 


represent the spectroscopic average over the ground state,® the mean length, and the 


equilibrium length. The mean bond length, or center of gravity of the bond probability 
distribution, can be deduced from electron diffraction data for gas molecules.’ X-ray 


crystal analyses, when corrected for thermal motions, give a parameter close to r,. 


TABLE | H BOND LENGTHS IN SEVERAL MOLECULES AS CHARACTERIZED BY VARIOUS 


DISTANCI *ARAMETER 


Molecule \ dizat Hybridization 


HC=CH vy 1-059 ‘ 1-064 
H.C--CH p 1-086 (1-067) 

CH, y 1-094 07 (1-085) 
CH radical 1-129 3 1-120 


D. Walsh 


For most of the entries in Table | standard errors are reported to be +-0-003 A or 
less, but additional small uncertainties may arise. The important thing to observe is 
that the differences between ry, r,, and r,, which are not always considered in comparing 
results for different molecules, are comparable to the differences from molecule to 
molecule. As a rule the C—C bond, with its smaller amplitude of vibration, will 
exhibit smaller differences between the various parameters than the C—H bond. 

The value almost universally selected to represent the C—C single bond distance 
is the diamond X-ray value, 1-544 A. Not only is this distance not an equilibrium 
distance as it is often taken to be (since zero-point motions undoubtedly expand the 
bond length in the lattice by the order of 0-01 A), but it is appreciably higher than the 
C—C distances characteristic of paraffin hydrocarbons with 1 1-533 A® and ry 
1-526 A.” This is at least partly because of repulsions between nonbonded atoms." 

It is helpful to recognize that the decrease encountered in a given bond in going 

Actually r, as customarily used does not signify a unique physical quantity. It may or may not, depending 
on the case, be subject to errors arising from assumptions of equivalence of positions of atoms of different 
isotopic mass. See C. C. Costain, J. Chem. Ph 29, 864 (1958) 

? Unfortunately, the commonest parameter reported for electron diffraction determinations is an “effective 
length’, generally intermediate between r, and r, and often slightly larger than ry. See L. S. Bartell, J. 
Chem. Phys. 23, 1219 (1955) 

* K. L. Lonsdale, Phil. Trans. Roy. Soc. A 420, 1219 (1947) 

* For a summary of electron diffraction and X-ray data for n-hydrocarbons see R. A. Bonham, L. S. Bartell, 
and D. A. Kohl, J. Amer. Chem. Soc. 81, 4765 (1959) 

1° For propane and isobutane. D. R. Lide, J. Chem. Phys. 33, 1514, 1519 (1960). Strictly, Lide’s parameter 


is not r, but r,, a related parameter presumed to lie somewhat closer to r,, 
11 |. S. Bartell, J. Amer. Chem. Soc. 81, 3497 (1959) 


: 
A, reference 32; C. A. Coulso ference 27 
; L. Pauling, reference 26 (CH radic ot explicit liscussed : 
Spectroscopic average over ground stat 
Mean bond length, ground state ; 
: ‘ B. D. Saksena, J. Chem. Ph 20, 95 (1952) 
Tr. L. Allen and E. K. Plyler, /. Amer. Che Soc. 80, 2¢ (1958); Dow d B. P. Stoicheff, Canad 
Phys. 37. 7034 (1959 
3 i L. S. Barte ind R. A. Bonham, J. Chem. Phys. 27, 1414 (1957); Jbid. 31, 400 (1959 
Estimated from 7 : 
: <a Allen and E. K. Plyler, J. Chem. Ph 26. 972 (1957) : 
L. S. Barte K. dR. J N J. 33. 1254 (1960) 
G. Herzberg, /nfr Spe of Diaton Mole Van Nostrand, N York (1 
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altogether spurious. Accordingly, the preliminary paper* in this series proposed 
a strong hydrogen interaction potential and presented many of the following argu- 
ments.* 

Since publication of this paper* the vibrational spectra of several simple hydrides, 
including methane, have been re-examined using considerably more detailed and 
precise spectroscopic data. Strong H~--H nonbonded interactions were found'* 
which agreed closely with the predicted” values. The most important features 
obscuring the interpretation previously were (i) the effects of anharmonicity which 
are far greater for light hydrogen atoms than for other atoms, and (ii) the neglect of 
stretch—stretch interactions. Consideration of these factors in an approximate treat- 
ment of neopentane has also improved the agreement between spectroscopic C +--+ C 
interactions and those suggested in reference 4 

»le for the small hydrogen atom to compete in repulsive force 


h the larger carbon and chlorine atoms is that the larger atoms are further from the 


al atom, and the resulting increase in nonbonded distances closely compensates 


lsions masks their effect rahedral molecules, 

of the repulsions upon going to trigonal and digonal molecules, 

is discussed in the following. The balance is also destroyed in 

les as cyclobutane, where, according to the present model, the 

ounteract gnificantly the increase in C - C repulsions 

90) Ihe magnitudes of the terms, 

nergies, are 

portant 

in confor! lal YSIS essed, howevel at the prese nteractions 
C bond in 


the difference in energy 


have appeared 
n that intra- 


molecular interactions eated in much 1 e way as inte lecular van der 


Waals forces 


BOND ORDER 
rhe principa ironmental variation of bonds to be discussed in this paper is the 
variation in the number of adjac« led atoms oncise sul iry of behavior 


of carbon bond lengths ts sh n Fig hile igure | hemat t quite 


for tl 
ethane. They do yield, nevertheless, quite accurate values [Or [i 
between frans and gauche configurations of normal hydrocarbons. 
Finally, it is fitting to mention that veral theoretical paper 0,21 
recently which seem to rustifv. at least rilyv. th nresent assume 
* After the present manuscript was compictcc Proless I B. Wilso } ki y broug! to mv 
att le bv 1. B. ¢ ¢;. B. k j { Chen 
61, 1868 (1939) 
*L. S. Bar ind K. Kuchit ) K. Kuchitsu a 3. bmitted to 
4 A rec oO teraton H H teraction enereic \ mnitude at 
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O. Sinan Lo Pi 33, 1212 (19 
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accurately characterizes a large body of data, as stressed by Bernstein, Costain, and 
Stoicheff.” 

It has been customary to attribute a substantial part of the downward slope of the 
line representing single bonds to conjugative or hyperconjugative interactions. The 
point of view has been that delocalization of electrons from adjacent bonds into the 
bonding region of the single bond increases the effective bond order and shortens the 


( C distance. Originally hyperconjugation was thought to be strongly effective only 


\ 
C- 
4 


> 
— 


z 
= 


NUMBER OF ADJACENT ATOMS 


he hvdro- 


( bond 


| 
c-C 
“4 
= ja 
‘ | 
=C-C= M 
A 
T 
‘ 
Recently considerat has Deen cast on ic of conjugation and hyper- 
coniuga in nd state of tic es on the Dasis of empirical 
: 
evidcnc if i by Dewar nd» ne. The character of the argument ts 
not so much that co! ition and perconjugation are unreasonaDic as that, if proper 
account 18 taken oO! r tactors, there ins (tic ior con mative inter- 
actions tf > nsiccred It ting that the representation of 
: 63 B.P.S tJ. Che PI 30, 777 
M. J. S. Dewar and H. N. S Ti he 5, 166 (1959) 


On inferences of bond character from bond length 183 


Bernstein™ suggests a similar conclusion. Aromatic molecules, for which there ts 
strong evidence® relating bond lengths to 7 bond orders, fall on a line terminated at 


Bernstein’s pure single bond limit by the —C—C and C—C bond lengths. 


Even before the idea of conjugation was seriously challenged it had often been observed 
that extrapolation of aromatic bond lengths to zero 7 bond order led to a value 
appreciably below that of the “normal” single bond. 

A theoretical investigation of butadiene by Berry” has also lent weight to the idea 
that conjugation is of only minor importance in bond lengths. Moreover, Berry 
showed that there is no meaningful way, even granting that an adequate electronic 
wave function be known for a molecule, of exactly separating the contributions to 
bond stability of the electronic factors he examined. The reason for this is that com- 
ponents of the wave functions associ ited with the factors were not mutually or thogo- 
nal. It is perhaps along the lines of this argument that a theoretical test can be made 
of the present empirically justified suggestion that conjugation, hybridization, 
electronegativity and nonbonded interactions do not represent entirely distinct 
quantities. For the present, since pure theory as yet offers scant help, there is utility in 
continuing our empirical search for the simplest and most fruitful description of 
molecules 

lo return to the theme of nonbonded interactions, it is to be noted that atomic 
repulsions across bonds increase in number as we proceed from left to right across 
Fig. 1. This is true both for single bonds and double bonds. Furthermore, if the 
nonbonded potential functions are known as a function of distance, repulsive forces 
can be evaluated and resolved along bond directions, and the influence on bond dis- 
tance can be calculated from known force constants. It is interesting that the potential 
functions of ref. 4. constructed from considerations of intermolecular van der Waals 
forces, reproduce not only the directions but also the magnitudes of the slopes of the 
lines in Fig. 1. Since adjacent multiple bonds would be expected to introduce no 
appreciable 7 b ynd character into ¢ H bonds, it might be argued that a comparison 
of C—C and C—H bond shortenings would reveal the 7 character of C—C bonds 
Pauling.“ Coulson.’ and others have indeed attributed the difference between C Cc 
and the analogous but smaller (¢ H bond shortenings illustrated in Table | to z 
electron conjugation. It is found, however, that the nonbonded model also accounts 


for the smaller shift H bonds.” partly because of the larger force constants, 


and partly because of t id magnitudes of repulsions Similarly, the 


difference between (¢ nethvl and vinyl chlorides, which is larger than the 
analogous diflerenc vee on Ci be accounted for by the nonbonded 


model as wel { ( model.2* The present model would also predict 
| 


RS. Berry J. Chem. Pi 40, 936 (1959) 
A ( Vill P Oxtor ) ) 
) H radica It has 
f } i { " NH NH, radical (anc t ong bond in the ¢ H 
ter. S H. Gold I. Chen 
Pi 24 tf le and methy! 
} | fro tion diff < the chiorine atoms t the different nonbonded 
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shortenings in single bonds adjacent to three and four membered rings where increased 
nonbonded distances presumably relieve repulsions 

Another effect which has been regarded as strong evidence for hyperconjugation is 
a kinetic beta deuterium isotope effect discovered by Lewis” and Shiner* in solvolysis 
reactions. Here again nonbonded repulsions can be shown to provide an alternative 
explanation.” Hydrogen atoms, with characteristically larger amplitudes of vibration 


than deuteriums, behave as if they were bulkier and, accordingly, strive more 


vigorously to force off the leaving group and to make the carbon skeleton assume the 


trigonal configuration associated with the carbonium 10n transition state. Numerica 
computations show the effect is entirely reasonable in magnitude, but the numerical 
values depend so strongly upon assumed bond angles and lengths (which at present 
are largely conjectural) that a definite conclusion cannot yet be made. The best 
estimate suggests that some hyperconjugative delocalization occurs but that this has 
the effect, in turn, of enhancing the nonbonded effect.’ In any event, physical argu- 
ments for hyperconjugation in carbonium ion transition states seem much more 
convincing than for ground states of olefins 

As suggested above, even if conjugation were inescapable, considerations of 
nonbonded repulsions would inevitably arise. Valence bond structures written with 
7 bonds across (nominally) single bonds imply, by the altered pairing scheme and 
charge distribution, a substantial reduction of certain nonbonded repulsions in the 


vicinity of the bond 
HYBRIDIZATION 


By hybridization we shall mean to imply not only the geometry (tetrahedral, 


trigonal, digonal) but also s, p, etc. character of the sigma bonds. Walsh*, especially, 


has stressed the number of properties that can be correlated in terms of hybridization 
and his ideas have gained widespread support. The original unavoidable over- 


simplifications have become deeply rooted with repeated usage and hybridization is 
now commonly regarded as a true physical property. In reality, of course, s character 


has always been used only as a parameter of correlation and never as an observable 


There is no difficulty, given a simple valence bond or localized molecular orbital wave 
function, in assessing the hybridization. The difficulty is that there is as yet no unique 
way of defining hybridization in a many electron polyatomic wave function of sufficient 
complexity to treat rigorously such delicate things as bond angles. Granting this, no 


combination of experimental observables can be expected to establish hybridization 
Nevertheless, the concept of hybridization is so attractive that we may confidently 
look forward to its ultimate clarification 

Two well-known alternative representations of hybridization of carbon orbitals in 
unsaturated molecules, the conventional o—m description used for example by Walsh™ 
and Coulson,” and Pauling’s bent bond scheme™ are listed for C—H bonds in Table 1. 
Neither scheme can yet be said to have been demonstrated clearly superior, and both 
are, at best, rough approximations 

Che commonest diagnostic criterion used to infer hybridization in molecules is the 
angle between bonds. If a simple valence bond wave function is adopted, if it is 
37° EF. S. Lewis and C. E. Boozer, J. Amer. Chem. Soc. 74, 6306 (1952): Ibid. 76, 791, 795, (1954) 


‘¥V. J. Shiner, Jr.. J. Amer. Chem. Soc. 75, 2925 (1953): Ibid. 76, 1603 (1954) 
4. D. Walsh, Trans. Faraday §$ 43, 60 (1947) 
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assumed that only s and p orbitals are involved, and if it is assumed that bonds are not 
bent, then it is an easy problem to compute bond angles as a function of hybridiza- 
tion.* None of the assumptions are clearly justified and much evidence has recently 
been cited regarding the failure of the last assumption.’ Since the reasoning behind 
the assumption about unbent bonds is based on the principle of maximum orbital 
overlap, it is appropriate to point out an inconsistency. if Slater orbitals as tabulated 
by Mulliken er a/. are used for ethylene, and the H—C—H bond angle is increased 
or decreased symmetrically from the equilibrium angle, the sum of the overlaps of the 
bonding orbitals can be readily calculated. It is found to be about fivefold less costly 
in loss in overlap to fix the hybridization of the carbon orbitals at an optimum value 
and “bend” the C—H bonds than it is to vary the carbon hybridization to follow the 
angular displacemen Moreover, the known weakness of the bond bending restoring 
forces a s even modest nonbonded repulsions to alter bond angles by many degrees. 
These arguments reinforce the empirical observation of ref. 4 that bond angles seem 
closel ( ated h “intramolecular van der Waals radii”. They also strongly 
> poor gauges of hybridization. 

vidence against the impor- 

onjugation in nonaromatic molecules, chosetoattribute 


hybridization changes,*’ following Walsh®**. The 

pointed out that if the differences between tetrahedral and trigonal sigma 
vere taken explicitly into account, little thermochemical evidence for conjuga- 
ry differences in bond energy, and 

lI 


y from experimental curves of bond energy 
conjunction with measured differences between trigonal and 

ths. Again it may be 1arked that direct use was not made of 

geometry customarily associated with hybridization. 

sting and probably si ant that the nonbonded model 

leads only not to the same qualitative results as the model of Dewar and Schmeising, 


but in addition, permits a rough theoretical calculation of the slope, d/ dr, of the curve 


of bond energy \ u ond length evaluated empirically by Dewar and Schmeising. 


Let us. naively. assume that bond energy 1s of the form 


where k is the force constant, r the bond distance, r,, a constant, and V,,,, represents a 
variable environment of nonbonded repulsions across the bond between the atoms in 


the bond and atoms adjacent to the bond (of variable number). If we give J the 


Lennard—Jones repulsive form, Ar. **, it follows that 
dE/dr ~ er), (2) 


independently of assumptions about the magnitude of 4. If the representative values 


k~45 10° dynes/cm, r,, ~ 2°5 10-8 em, and (ér,,/dr) ~ sin (109-5/2) ~ 0-8 


4 The converse problem of computing hybridization from an arbitrary set of bond angles may not always 
have a solutior 
D. F. Heath. J. W. Linnett, and P. J. Wheatley, Trans. Faraday Soc. 46, 137 (1950). N. V. Cohan and 
( A. Coulson, /bid. 52, 1163 (1956); L. Burnelle and A. Coulson, Jbid. 53, 403 (1957). N. Muller and 
D. E. Pritchard, J. Chem. Phys. 31, 1471 (1959). Ca ella, Bray, and Barnes, /bid. 30, 1393 (1959) 
R. S. Mulliken, C. A. Rieke, D. Orloff and H. Orloff, J. Chem. Phys. 17, 1248 (1949). The conventional 
o-m7 double bond representation was assumed in the present computation and all bond lengths were fixed. 
Paper II by M. J. S. Dewar ind H. N. Schmeising, Tetrahedron 11, 96 (1960), introduces, however, the 
qualification that nonbonded interactions are to be considered absorbed into hybridization 
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are substituted into equation (2), itis found that the magnitude of dE/dr is 170 kcal/mole 
Dewar and Schmeising, by solving simultaneous equations involving 


per angstrom 
energies of formation of various hydrocarbons of known structure, found slopes at 


normal single bond distances of about 250™ or 190*" for C—C and 150™ or 250” for 
C—H bonds, in the same units. Glockler® has reported analogous values of 140-190 


and 140, respectively The fact that the nonbonded model gives slopes agreeing with 


Slopes determined with the use of ¢ 
rhe fact that it provides correct magnitudes for Dewar and 


C bonds of obviously variable bond order is of 


obscure significance 
Schmeising’s model to work Is provocative evidence that the nonbonded model may 


be substituted in part, or in total. for the “hybridization” model with little change in 
effective result 
IONIC CHARACTER AND ELECTRONEGATIVITY 


Although there is general agreement that the strength and length of bonds is 


markedly influenced by ionic character, the direction of the effect is still a matter of 
dispute Pauline’ has advanced a scheme, rationalized on the basis of 1onic-covalent 
resonance. in which ionic character enhances bond energies and decreases lengths 


ich the concept of electronegativity plays a central role, is so 


variety of correlations that it is unthinkable to disregard it. This, 


The scheme, in wi 
successful in a wide 
of course, does not mean that the physical basis of its rationalization is necessarily 
correct. On the other hand Walsh* has given quite reasonable arguments 


creasing ionic character weakens and lengthens bonds, and has concluded that 


ionic-covalent resonance is not a significant factor. Several illuminating discussions of 


of the two points of view have appeared ‘! It seems worthwhile to present a few 
h. in a simple way, cast a little more light on interrelations be- 


tween the two points of ' They will also give 


additional ideas whic 


some insight into the nature ol 
carbon-carbon bonds despi the fact that such bonds are not usually discussed in 
terms of ionic characte! 


H bonds listed in lable | the hydrogens become more acidic 


In the case of the ¢ 


as the bond configurations progress from tetrahedral to digonal. Presumably a 


of charge urs in the analogous series of (¢ C bonds when H is 


similar shift chars 


replaced by CH,. According to Walsh* and Coulson ’, among others, a dominant 
factor in the above series of bonds 1s that the electronegativity operative in the direction 
of a bond varies as the hybridization varies, and increasing the s character of a carbon 
orbital decreases the orbital radius, increases the electronegativity, and shortens the 


bond. Alternatively, Pauling™ suggests a fixed hybridization where, as the bonds 
adjacent to a given single bond are bent to form double bonds or triple bonds, the 


} 


nonbonding charge is bent away from the given bond direction. This would be 


expected to decrease nuclear screening, increase clectronegativity and shorten the 
single bond. The essential similarity between the concept of bond-bond repulsions and 
interactions between pairs of nonbonded atoms,” implies a close similarity between 


Pauling’s model and the nonbonded model of this paper 


3* G. Glockler. J. Chem. Phys. 21, 1291 (1953) J. Phy Chem. 61, 31 (1957 


* A partial cxplanatior given in the next section 
"|. Pauling cit. (2), Chapter 3 

' for example, A. D. Wals! nn. Rev. Phys. Chem. Vol. 5, p. 163 nd “A discussion of bond 
und bond Iengt! Proc. Re 4 207, 1-133 (1951) 

J. Chem. Phys. 31, 1039 (1959); H. J. Bernstein Phys. 19, 140 (1951); Jhid. 20, 


energies 
* See T. L. Allen 
263, $24, 1328 (1952) 
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The relationship between bond lengths and electronegativity was first critically 
examined by Schomaker and Stev enson® who formulated the empirical rule for pure 
Xgl, (3) 


where r, and r,, are “covalent radii’, # is a constant equalling 0-09 A and x, and x, 


single bonds 


rap rs ry 


are electronegativities. Pauling*® has recently revised the rule by varying / in order to 


diminish discrepancies discussed by Wells,“ and has adjusted the value to 0-08 A for 


bonds to carbon atoms. No theoretical justification of equation (3) seems to have been 
given, though frequent criticism has been expressed that it holds only roughly and 
fails appreciably in many individual cases. Its failures can hardly be surprising in 
view of the abundance of effects thought to influence bonds, and in view of the fact that 
a satisfactory explanation of why bond lengths should be additive in the first place, has 
never been found. Nevertheless the trend successfully reproduced by the rule warrants 
further attention. 

A clue to the possible significance of the Schomaker-Stevenson rule is provided by 
the ideas which led to Pauling’s original definition of electronegativity. It is to be 
emphasized that the empirical definition in terms of deviations, A, from additivities of 
bond energies (or deviations, A’, from the geometric mean of bond energies) seems 
almost accidentally to have captured considerable truth in terms of what we normally 
understand by electronegativity. Let us proceed with Pauling’s original argument that 
a bond A—B, formed in the absence of an electronegativity difference has a bond 
energy, D, given by the mean of D,, and Similarly, we assume r, is the 
mean of r,, and rp,, or sum ofr, and r,. We then imagine that an “electro- 
negativity difference”’ be turned on which results in an additional potential, AV'(r). For 
sake of argument we shall represent the bond potential energy by the sum of a Morse 


curve and AV'(r) as follows, 


Vir) D,{e~2*>" AV'(r) (4) 


0 


where A; r —(r, + r,) and D, is the mean of D,, and Dy». For any assumed 
form of V(r) it is possible to eliminate / and establish a functional relationship 
between total depth, D,, D, \, of V(r) and the position, r,, rs ry 
Ar,» of its minimum. Finally, the shift in bond length, Ar, ,, is related to electro- 
negativity by Pauling’s definitions 


(A/23) (5) 


(A‘/30)°, (6) 


where energy is expressed in kcal/mole. The result of this elementary approach is 


shown in Fig. 2 for several simple forms of V’, and compared with the Schomakert 
Stevenson curve 

Fluorine, as it is the most electronegative element by far, is the element for which 
the need for corrections is most conspicuous. Since the unusually low bond energy 


and associated long bond length of elemental fluorine have been explained in terms of 


exceptionally large nonbonded repulsions on the one hand,” or low dispersion forces 

# VY. Schomaker and D. P. Stevenson, J. Amer. Chem. Soc. 63, 37 (1941) 

4A. F. Wells, J. Chem. Soc. 55 (1949) 

45 See, for example, J. K. Wilmshurst, J. Chem. Phys. 33, 813 (1960). K.S. Pitzer, Quantum Chemistry p. 166, 
Prentice-Hall, New York (1953), discusses the analogous weakness of the O—O single bond on much the 


same basis 


| 
> 
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on the other,” 


and since these interactions might be disproportionately relieved or 


augmented on bonding with other atoms, it seemed not unreasonable to try forms 


e and r~* for J An alternative explanation of the electronegativity effect on the 


basis of nuclear repul 


The effect of enhanced covalent binding was examined by using 


e~*’, of the Morse curve. The effect of nonbonded neighbors as given 


in equation (1) was also ¢ ilculated. For the purpose of application to bonds similar 


sions" suggested as a lower limit of rate of variation the form r=". 


as V the attractive 


pa 
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with the nonbonded relief or altered nuclear screening attending the shift from tetra- 
hedral to trigonal bonds. For C—C bonds such a shift (in conventional but possibly 
misleading language, from “sp*—sp® bonds” to “sp*—sp*® bonds’’) results in a decrease 
in bond length of 0-03 A.* According to the various curves of Fig. 2, this is associated 
with an electronegativity shift of 0-4 to 0-6. From Pauling’s relationship between ionic 
character and electronegativity” we deduce an “ionic character” of about 0-06 which, 
for a bond 1-5 A long implies a dipole moment of 0-4 D.* This may be compared with 
the experimental dipole moments of 0-35 D when CH, is attached to a vinyl group, and 
0-37 D when it is attached to a phenyl group.” It is quite common to attribute these 
moments to hybridization or hyperconjugation. Other hydrocarbon moments in 
nonaromatic networks as, say, methyl acetylene, methylcyclopropane, and methyl- 
cyclobutane can be accounted for similarly. 

he fact that the moment in chlorobenzene is smaller than that in methyl chloride is 
likewise understandable in terms of the greater “electronegativity” of the carbon in the 
unsaturated compound. This leads us, however, directly to the apparent inconsistency 
which was alluded to at the beginning of this section, and indicates that group electro- 
negativities, as portrayed by our scheme, not share the same range of simple 
correlations as atomic electronegativities. The C—Cl bond length is shorter and bond 
energy is greater in chlorobenzene or vinyl chloride than in methyl chloride, and by the 
amount required by our parametric relation involving electronegativity. Accordingly 
it is natural to consider the electronegati ference between H,C—CH— and Cl as 
being greater than between H,C and Cl on the | f the relation between electro- 
negativity and energy. But, as we also showed from nodel, the “hybridization” 
of carbon is such ; o reduce the elect rat y and polarity differences in the 
unsaturated halid similar inconsistency | 1 in comparing the fluroides 


of CF, and CH, or halides of C(CH ind het! this is at all related, by 


analogy to the present model, to the notal na iZ¢ luorine atoms or large size 


of carbons in compa ith thei alent rad ertain. Presumably, 
completely analogous arguments are also apy al to the ond as it exists 1n, 
say, acetone and keten s carbon—oxvege! nds, es y, that led Walsh to 


his conclusions about ionic character weaking bonds.” a vent, the ambivalent 


evidence 
< Y bond 


strengthening and polarity increasing might still result in a lower net molecular dif moment 


. 
ibo nt OV a t t t usly in 
toluene, for « pon the 
met! But the 
pre t \ron t t vity, and 
cap ofH CH 
\f n Ors Ci 1O8. Cx rsity Pr Y ork 
(1953) 
our nonbonded mod the ir of substitut of different intrinsic 
el tivity must nes ich ca ferential 
dif nc et limited ) iriatior ild 
) » ex W ct vironr bond : 
assoc ted } polarity Th vt ti of Wals m to ply the 
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role of “electronegativity” with respect to intrinsic atomic polarity differences and 


environmental group polarity differences, and the connection with bond energies, is 


brought somewhat more into the open by the present simple model. 


CONCLUSION 


ition, hybridization, and group electro- 


s of nonbonded inter- 


negativity can be rationalized to a r Kable extent In (tern 
act is oO] iC neans as distinct [rom cach 
other as the cl gto As a ence it probable that un- 
: al us chk can De arawn 
cl cxp lat tan amstances, until mucn more 
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Abstract— Three 
bx 


CX\a 


It 


ipproaching 


ric empiri- 


it represents 


i real physical co cept oO! erely a psychologically consolun ul itute therefore In 

principle there is a simple test: does the concept lead with confidence to a substantial 

of true predictions late iccessfully checked by experiment The literature 


of chemistry is littered with the debris of discarded theories which pre vided satisfac- 
tory explanations of tacts known at the time but which failed to predict correctly 
future facts—or just failed to predict 


Unfortunately, this test is simpler to state than it is to apply. Most of these 


concepts are sufficiently ill-defined so that their predictable consequences are usually 


subject to argument 
Recently various new experimental techniques particularly microwave spectro- 


scopy, have begun to yield data which are either of improved accuracy or of a quali- 


tatively new type. These include more accurate bond lengths and bond angles, dipole 


moments and their components, change of dipole moment with vibrational state or 


ISOtopic substitution, barriers to internal rotation and some associated fine points, 


nuclear quadrupole coupling coefficients, molecular quadrupole moments, rotational 


magnetic moments, etc. It should be possible to use some of these to test the predictive 


power of some of our currently fashionable vocabulary. 


THE ADJACENT BOND EFFECT 


Rather than trying to cover all these items, this paper will concern itself primarily 
with a discussion of the observed fact! that a single bond adjacent to one or more 


multiple bonds is shorter than a single bond with only single bonds adjacent. 


* The research reported in this paper was made possible by support extended Harvard University by the 
Office of Naval Research 
1 G. Herzberg and B. P. Stoicheff, Nature, Lond. 175, 79 (1955). 
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The object of the discussion will be to compare three current theories of this 
effect and to try to evaluate their respective power to predict other measurable 
quantities. Only qualitative arguments will be used. 

It is perhaps first worthwhile to demonstrate the reality of the phenomena to be 
explained. Costain and Stoicheff* have reviewed the available data but several more 


recent examples can be added. Table | lists the lengths of some single bonds in 


various molecules whose structures have been determined by reasonably complete 


microwave studies with adequate isotopic substitution. 


TABLI . INGLE BONI ‘ rO A DOUBLE BOND 


pparent excepuon 


nindrance, 


at when three 
is sufficient 
repulsion \ 1 tl wo set f atoms to lengthen the single carbon-carbon bond 


bevond its “normal” lenet het e carbon forms also a double or triple bond, it 


of course has two fe at attached to it, so the steric repulsion tending to 


lengthen the single n i i. Hence the single bond shortens, as is observed. 


7 (1959) 
*J.B le) c. 61, 1868 (1939). 
* Many others have su ' t f n. Pi 32, 827 (1960). See also A 
Burawoy 


Molec Bond Reduction 
Proy ( ( 1-50 0-02.* 
Ax ( ( | } 0-02 
Ace ( ( }-49 0-02 
Ace ( 1-4 4 
Vinyl f ( | 1-34 0-03 
( 1-34 0-03 
Vinv ( ( 1-72 0-05 
Ac ( 1-78 0-00 
CH. 
) 
} \ kK rR Ww 26. 1695 (1 - 
* 11. 8 
K M.S 14. 8 
13 
D. I R t 680? 
Exa tion of | id ow that le b ire shortened when they are 
| adjacent 1 | is, C— cetyl chloride being a1 A 
or t etiect De i the steric the 
hybridizatio ri espec y. Very plausible arguments 
have D wt of eacn ga certain amount ol controversy has 
been engendered 
STERIC HINDRANCE THEORY 
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This is an interesting picture which qualitatively explains the whole set of data on 
the shortening not only of single but also of double bonds as the number of attached 
atoms is diminished. However there are certain difficulties. In the first place it has 
to be said that extremely little is really known about the forces between non-bonded 
atoms within a given molecule. In many if not most cases there is at present no solid 
evidence as to whether the force is repulsive or attractive. However, the evidence 
from gas imperfections, compressibility of solids, and quantum mechanical theory 
all points to steric repulsion being a very steep function of distance. Consequently it 
would seem rather remarkable if different substituents did not have markedly different 
repulsions and hence a noticeably different effect on the C—C bond length. 

The values of barriers to internal rotation about C—C bonds also do not appear 
to be compatible with the idea that there is strong repulsion between small atoms 


attached to the carbons. Table 2 gives some barrier values for ethane derivatives, all 


TABLE 2. BARRIERS FOR ETHANE DERIVATIVES 


Molecule 


H,CH 
H,CH.,I 
H.CHI 
H,CHC! 
H,CHBr 
H 

H 


frequency 
suggesting that these 
hand. if atoms suc! 
belief that they do repel hy y are opposite o1 mally they 


OCCUPY a Staggered coniormatl n and tnel ay OI iy not repel one another. 


The crudest useful ipproxll al tor Ol repulsio is U rigid spnere 


model, e.g. Pauling’s van de! ials radu, ich ; e basis for ordinary space- 


filling wooden ball atom 1 ls. In the bond direc is these are of course flattened 


off at the appropriate covalent radius illustrates an important uncertainty of 
this approximation; namely the question of the way in which th adius should vary 
with the angle to the bond direction here al robably numerous compounds in 
which two atoms attached to the same atom a! ser together than the sum of their 
van der Waals radii but because the ang ve area of overlap is small. One 
example is CH,CCI,, in which the Cl atoms are separated® by 2-90 4 whereas twice 
the van der Waals radius of Cl is 3-60 A 

Bartell* has proposed that bond angles, at least about trigonal carbon, are largely 
determined by steric interference between pairs of attached atoms. He lists twenty-two 


5 L. Pauling, Nature of the Chemical Bond (3rd Ed.) p. 257. Cornell University Press, New York (1960). 
* S. Sekino and T. Nishikawa, J. Phys. Soc. Japan 12, 43 (1957). 


Barrier (kcal) 
( 
( 
3 5 
( 3-57 
( 
( N 3-05 
K. S. Pitzer, D } 10, ¢ 
R ley j 25. g (195 
D. R. Lide, J Ci 30, 
r.K 15, 
V. W. Laurie, J. ¢ j 1. 1 1959) 
' the simple ethane derivatives whose barriers have so far been reported by microwave 
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molecules in which the angles are said to be predictable by this model. However, in 
evaluating this evidence it has to be remembered that the radii for XC, H, F, and Cl 


were obtained from the compounds H,C=CX,, so these four do not provide a check. 
Similarly formic acid and urea were employed to give the oxygen and nitrogen radii. 


Further, the corresponding double ended molecules, such as F,CCF,, Cl,CCCI, are 
ABLI Prt DICTIONS OF BOND 
Molecule Angle Obs.* 


CH,.CHO cco 
OCH 
CCH 
CH,CFO 
CCI 
Oct 
CCK 
CH,CCNO H.CCO 
OCCN 
CCC 
CH,CH¢ 


HEFCO 


H.CCHCH 


not really indep ent. Some of the other molecules listed have not yet been 
adequately studied experimentally. 

Table 3 shows the results of applying this theory to some molecules with trigonal 
carbon whose structures have been determined by microwave spectroscopy using an 
adequate number of isotopes. Column 5 shows the deviations between the observed 
angles and those calculated with Bartell’s method, using his radii. The root-mean- 


square deviation Is 3-2" (calculated using the two independent angles for each mole- 


cule). However, examination of the data shows that angles between a double bond 


173° 123° 10 45 0 
118 36 124° 24 5° 48 4° 44 
11 29 122° 27 5° 2 $+ 19 , 
128° 21 125° §3 2° 28 4° 56 
121° 21 123 14 2° 4 
110 +18 110 44 0 4 
lar 126 47 18 40 
120 16 120° 42 0 26 2° «9 : 
112° 39 112° 32 0 7 0 31 
124° 3 1?] | 38 
120 58 bik 2° 34 97 
SY 115 O 0 1 1° 49 
122° 18 121° 42 oO 9 
CCH 123 49 127° 2 wa O° 24 
m7 FCO 122° 7 122 40 0 33 1° 18 
HCO 129 122 50 6 10 35 
HC} 108 114° 6° 5° 10 
CCK 124 18 122° §2 1° 2 O° 53 
CCH 119° O 124° 58 5 58 25 
CCC 123 10 (123° 21 7 O° 15 
¢ 113 40 (113 29°) 0 Ii 0 
Root-mean-squal 3-2 3-3 
wr 
Cak Bartell mode 
‘oO 
Ob ? 25° or obs 13° 10 
R. W. K R. B. W Cl P 26, 1695 
P di ( K P 31. 8 1959 
K M.S 34. ) 
B.W j P 31, 882 )) 
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and a single bond tend to be somewhat larger than 120° and those between two single 
bonds somewhere around 113°. The last column of Table 3 shows the deviations 
between observations and prediction when it is predicted that all angles between a 
single and a double bond (to carbon) are the same, namely 123 25’ while all single- 
single bond angles are therefore predicted to be 360 2 123° 25’ 113° 10’. The 
standard deviation here is 3-3° (on the same basis as above). So it seems that one can 
predict angles essentially as well with this simple theory with one empirical adjustable 
parameter as with the more elaborate one with six empirical radii. (Note that the six 
parameters were not, however, evaluated from these molecules.) The fact is that this 
steric model accomplishes nothing more than dividing the angles into the two classes, 
which it does because of the shortness of a double bond compared with a single bond. 
It does not successfully predict even the rank order within each class. 

If steric repulsions do not appear to be important in determining variations in 
bond angles, they are even less likely to cause variations in bond lengths, for which 
the force constants are much larger than for angles. Consequently, the theory that 
bond shortening is due to the relief of steric repulsion seems not very likely, even 
though our ignorance of these forces is so great that it perhaps cannot be completely 
ruled out. 

HYBRIDIZATION THEORY 

The hybridization theory’ is based on a particular picture of the nature of the 
orbitals used in forming single, double and triple bonds. If carbon forms four single 
bonds, Pauling’s picture calls for each to be a hybrid of s and p and all alike, so each 
is a so-called sp*® type. For double bonds there is an apparent choice. One picture has 
the double bond formed from two single bonds, as in the sharing of edges of a tetra- 
hedron. 

Here all bonds might still be tetrahedral and, incidentally, if the orbital angles re- 


mained at the tetrahedral value 109° 28’, the single—double bondangle would be 125° 16’, 


not far from the average value observed for such angles in Table On the other 
hand, the more usual picture is that the s and tw > three , ‘bital 
to form three equivalent bonds in a plane, so-call r trigonal bonds, making an 


s are hybridized 


angle of 120° with one another. The third p orbital is perpendicular to the plane of the 
other orbitals. The double bond is then formed by the overlap of a trigonal orbital 
from each carbon, directed toward the other carbon, and by the interaction of the 
two p (here called z) orbitals. 

This picture will change the hybridization and, it is agreed, therefore the length of 
the single bonds on the same carbon as the double b ynd 

his picture would seem to require that other single bonds to carbon suffer a 
similar shortening. It is true that C H bonds ‘m to diminish in length from 
ethane through ethylene to acetylene. However, it has to be pointed out that bond 
lengths involving hydrogen are the most uncertain ex erimentally because of the low 
scattering power of hydrogen for electrons and X-rays, the small contribution to 


moments of inertia, and the large amplitude of motion. Further, the shortening is 


onlv about 0-03 A from ethane to acetylene whereas the carbon-carbon bond 


diminishes by nearly 0-07 A from propane to methyl acetylene. Consequently, the 


idea of a carbon radius dependent only on hybridization is qualitatively but not 
quantitatiy ely acceptable 
7M. J. S. Dewar and H. N. Schmeising, trahedron, 5, 166 (1959) 


. 
; 
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When the single bond from carbon connects an atom with one or more unshared 


pairs and also one or more additional bonds, such as can be the case with oxygen or 


nitrogen. the single bond again is reduced in length when adjacent to a double bond. 
but in this case it vossible to d strate tl vc shortening cannot be due to a 


the case of methyl formate 


change in hybridization alone. Consider for c\ampl iii 
CH 
O H 
whose structure W y studied by Curl’. The single bond is 1-334A 
| compared with 1-43, A for O—C— so considerable shortening has occurred. How- | 
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bond character and is accordingly both shortened and endowed with considerable 
resistance to twisting. 

Another type of evidence is available in case the attached atom has a nuclear 
electrical quadrupole moment. For example, in vinyl chloride’’.’*® it is possible to 
measure a fine structure in the microwave spectrum due to the interaction of the 
chlorine nuclear quadrupole moment with the gradient of the electric field at the 
chlorine nucleus arising from the electrons and especially the outer shell electrons. 
The results show that the field gradients are not the same in the two directions per- 
pendicular to the C—Cl bond, whereas a pure single bond would be expected to be 
cylindrically symmetrical. Orbital arguments” lead to a double bond character of 
about 6 per cent. The C—Cl bond 1s also shorter than in CH,( |, for example. 


In case the single bond connects an atom without unshared pairs, e.g. carbon, the 


question 1s somewhat more ope unless of urse the bonds are part of a fully 


conjugated system such as in benzene). Without lone pairs it is necessary to invoke 


hyperconjugation,™ a n t rather less esthetically appealing to many. Thus in 
it is assumed tl 


propylene ¢ H 


contribute, in addition to the normal structur t is ficul iin the same kind 
of evidence. Carbon does n ave nuclear ‘ctrical iadrupole moment. 
Further, hyperconjugation ha meth roup ' rence the three fold 
barrie! al rotation ordinarily ( ed ow r, it should itribute to 
the sixfold part of the barr but tl amount to be ected would probably be very 
difficult to estimate becaus¢ uid epend on t SIXU ) er term in the Fourier 
expansion of the twofold ( pons ind | ra | turn atnel delicately 
on the barrier sha 
All these forms of conjugation imply a transfer ol rge in the m ule which is 
of 


motion Dut 

about | percent nochange! perimentally observed up through the secor lexcited state 

but crude calculations suggest that n fect larger in ly nt should be observed 

until a higher excited sta iched. It should be possible to lool this effect 
J. H. Goldstein and rage, Par ‘ , 1453 (1949) 

1D. Kiv B. Wilso nd 4 e, J hem. Ph 32, 205 (1960) 
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H 
H—C.-CH—-CH H—C-—-CH—CH 
H 
the molecule is made which tavors one or the other of the resonatung forms, tne 
dipole moment should be changed tn a predictat rectl by an amount depending 
on the amount of conjugation. This ippear as pecially strong contributions 
to the intensity oO! certal nfrared abs ption Dands It may be possib to detect an 
’ effect of this kind in another way. In ¢ in cases the average dip moment should 
; change with vibrational state An ex le whi is been partially examined is 
methyl nitrate in which one ight expect col ition to be du ed by twisting 
the NO group out of the plan Sin [nis el ; 1d Cause rge to De trans- 
; ferred along the axis of twist. it should not average out over a cycle of the twisting : 


198 Braicut Witson, Jr. 


with some refinements in technique.* It has been pointed out*' that conjugation 


should also make a large positive contribution to the interaction force constant 


between tl tretching of the two bonds with double bond character. However. such 


constants 
icators of hybridization. One 


ely it is easy to find 
carbon 


ild 4 lose 


; F 
oe 
which 1s often invoked is the value of the bond angle. Unfortuna P| : 
W ow that ni Tho i si pie indica us 
if the between one pair of bonds is opened up opposite angle shou . | 
are used. Instcac CHA re) pen up. | course explanable in 
af ni i id t of hwhrid 
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Abstract 


crn 


IN recent years th lec ffect of alkyl subst: n chemical and electronic 


transitions has undergon igh re raisa he le of alkyl substituents as 
electron donors has rece1\ by fi nost study and attention, and the first part of 
this paper discusses the current stati le alkyl substituents as apparent 
electron donors toward electron-dema! unsaturated systems. In the second part of 
this paper data is presented which shows that under suitable conditions alkyl sub- 
stituents may also function as apparent electron acceptors relative to the hydrogen 
substituent. A qualitative empirical treatment of polar effects of alkyl substituents in 
terms of substituent electro-negativity and “substituent-polarizability”’ is presented. 


ALKYL GROUPS AS APPARENT ELECTRON DONORS 


The many viewpoints and postulates regarding the electron donor properties of 


alkyl substituents seem to be roughly divisible into two categories, a “hyperconjugative 


1 John Simon Guggenheim Fellow at the Laboratorium fiir Physikalische Chemie und Elektrochemie der 
Technischen Hochschule, Stuttgart, Germany, 1960-1961 
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category” and an “inductive effect category”. However, variations of viewpoint 
within each of these categories are many, and all shades of meaning between the two 
categories can be read into the many words written about alkyl substituent effects. 
The founders of the hyperconjugation viewpoint are Baker and Nathan, who first 
postulated hyperconjugation (C—H) in 1935 to account for the Baker—Nathan Effect 
in chemical reactions in which the alkyl substituent is presumably strongly called upon 
to release electrons.2~> Among quantum mechanicians, the prime proponent of 
hyperconjugation is Mulliken, who has carried out numerous LCAO-MO calculations 
based on an acetylenic or ethylenic model for the alkyl group (e.g. H,==C-—-X=Y or 
R.==C—X=-Y, in which one of the bonds to the H, or R, group is considered as a 
pseudo o bond, labeled [oc], and the other two bonds are considered as pseudo-z, 
labeled [7] and [7,].°* A similar model is used by Coulson’, Other models include 
those in which a methyl group is treated as a single heteroatom."'* Kreevoy and 
Eyring, in order to explain what they considered to be the particular effectiveness of 
x-hydrogens on the alkyl group, used an “«-hydrogen bonding” model in which is 
employed a non-zero resonance integral of the «-hydrogen Is orbital with the z-orbital 
of the unsaturated system.” 

The inductive viewpoint in its extreme was expressed by Burawoy, who advocated 
the idea that z-electron resonance is non-existent.“ In keeping with this idea Burawoy 
and Spinner assumed a purely inductive mechanism for electron release by alkyl 
groups.’® 

Dewar considers the evidence for delocalization of bonds in polyenes (e.g. buta- 
diene), olefins (e.g. propylene) and acetylenes (e.g. methylacetylene) to be inconclusive, 
and has concluded that “resonance is important only in molecules for which more than 
one classical (une 1) structure can be written’’. All observable effects in the ground 
states of conjugated and hyperconjugated molecules, such as “stabilization energy”’,” 


{ rbon single bond of butadiene 


shortenings of single bond distances (e.g. the carbon—car 
and methylac« and polarities (e.g. of propylene) are ascribed to changes in 


carbon—cal! nd hybridization However, these conclusions were considered 


not necessarily applicable to excited electron tates or to transition states of the 


iles. Mulliken, in arguing against the Dewar proposals and 


n 5, 233 
ge (1948). 


sonance energy” for the 
unconjugated ana- 


Dewar and H. N. Schmeising dron 5, 16 hid , 96 (1960) 
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for an important role of z-electron delocalization in “ordinary” conjugated or hyper- 
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conjugated molecules seems to rely mainly on the fairly consistent agreement of a 


number of quantum mechanical calculations. 
challenge has in any event made clear the importance of a careful re-examination of the 


theoretical basis of conjugation, hyperconjugation and related phenomena”. 


8.9 


‘> However, he concedes that ““Dewar’s 


9 


Simpson also has raised the question of the relative importance of conjugative 


interaction in butadiene and higher polyenes. 


Neglecting resonance interaction 


altogether, he carried out quantum mechanical calculations based on a dispersion 


force model for butadiene which satisfactorily reproduced the stabilization energy and 


positions of singlet—si iglet absorption bands and accounted for bond length alterna- 


tions.'® 
the calculations of Berry”. 


Internal dispersion force interactions also are given considerable weight in 


The experimental chemist finds himself somewhat at a loss to evaluate to what 


extent the necessarily approximate quantum mechanical calculations based on various 


models can alone be used as arguments for or against specific effects such as hyper- 


conjugation. However, the viewpoints expressed by Dewar and the calculations of 


Simpson have at least 


“evidence” for hyperconjug 


hyperconju 


given cause for reflectionasto Ww hether the quantum mechanical 
ation is sufficiently convincing. The need of a theory of 


ation to explain certain experime ntal observations seems to be no longer 


as urgent as once thought to be since these observations are now also subject to 


different interpretations. 


Chief among the experimental! observations cited in support of the theory of 


hyperconjugation has been the Baker Nathan Effect.2 This effect, which is usually 


found in chemical transitions that call strongly upon the substituent 


for electron 


release, has until recently been universally interpreted as showing net electron release 


order Me Et iPr 


tion is the main mechanism of electri 


in the 


interpretation has been seriously questioned.” 


tBu and hence as meaning that C 


rele 


H hyperconjuga- 
However, this 


ase in these instances.~” 


By and large there has been a tendency to take experimental results such as orders 
of rate constants or equilibrium constants at face value: that is, to view transitions in 
solution as if they were taking place in the gas phase [he possible effect of alkyl 
substituents on the solvent stabilization of the states in a transition usually has been 
omitted altogether from consideration id in other instances dismissed with varying 
degrees of arbitrariness as being of secondary rtance However, the research 
groups of Shin r2? and Schubert22-= have found the Baker—Nathan Effect to be 
solvent dependent, in a manner not explainable by the original theory of Baker and 
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Nathan, and have suggested specific roles of the solvent. These groups were led 
independently to a consideration of the solvent role through a recognition of the fact 
that the Baker—Nathan Effect, though often observed in electron-demanding chemical 
reactions, is rarely encountered in measurements on other electron-demanding transi- 


tions, ¢.g., in the ionization potentials and “principal” electronic excitation energies of 
alkyl-unsaturated compounds.* ©. The Baker—Nathan Effect also is not found in 


ground state measurements such as dipole moments,*' bond lengths* and heats of 


hydrogenation.” This inconsistency between the Baker—Nathan Theory and experi- 
mental fact also was recognized by Burawoy and Spinner.” They neglected the 


r, and attributed the Baker—Nathan Effect to 


possible role of the solver howeve 
“steric hindrance to bond shortening” in purely inductive electron release by alkyl 


substituents. The absence of the Baker—Nathan Effect in highly electron demanding 


electron transitions was explained in terms of the Franck—Condon Principle; that is, 


in the short time of the electronic excitation process there is practically no movement 


hence practically no bond shortening.” However, the hypothesis of 


of atomic nuclei, 
Burawoy and Spinner does not satisfactorily account for the solvent dependence of the 


Baker—Nathan Effect th chemical and electronic transitions 
ert and 1 that alkyl substituents stabilize electron- 
demanding unsaturated n the inductive order, regardless of whether the 


‘ 1) tr 


substituent ‘ with a lar all electron defi They postulated that the 


Baker—Nathan ] lue t hind e to solvation near bulky alkyl groups; 


that is, th unsaturated compounds is significantly 
decreased wit! ty of ea substituent to shield electron deficient 


sites in its vicinity.* s hypot ad many of the same qualitative predictions 
for chemical reaction on ; h ‘thesis of Baker and Nathan, e.g. that 
the Baker—Nathan Effect s! ld | bserved when the electron deficiency (and hence 
the req reacting n e containing 
the subst irge ther hand, observations made on electronic transi- 


tions,*-** such as the inductive order of the principal electronic transition energies of 


p-alkyl nitrober and acetophenones in the gas phase and, the partial inversion of 


n pol; olve! are consistent with the hypothesis of Schubert and 


this order 
Sweeney and in tent with the hypothesis of Baker and Nathan. The fact that the 


solvent molecules are n« illy oriented to the electronic excited states (Franck—Condon 


Principle) accounts for the mildness of the Baker—Nathan Effect in this particular 
instance and for its rare appearance in electron-demanding electronic transitions in 


ily 
von 
not 


igation 
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the stabilization aturated systems by alkyl g s | , howeve ef. 26); R. B. Turner, Tetrahedron 


5, 141 (1959) 
* A typical example is the solvolysis of p-alkyl benzhydryl chlorides, for which the latter hypothesis, 


however, accounts more satisfactorily for the order of observed activation entropies 
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solution in general.“-™ Qualitatively considered, these results also are consistent with 
Shiner’s suggestion that the solvent, through incipient hydrogen bonding with the 
z-hydrogens of the alkyl substituent, may function to enhance C—H over C—C 
hyperconjugation.** Quantitatively considered, the solution data for the p-alkyl 
nitro-benzenes and acetophenones were better accomodated by the hypothesis of 
steric hindrance to solvation near bulky alkyl groups.” 

Most recently it has been found that the kinetic parameters (k, AH* and AS*) for 
the solvolysis of 3-R- and 3,5-diR-benzhydryl chlorides (R H, CH,, and t-Bu) 
vary with solvent composition and substituent in a manner consistent with the hypo- 
thesis of Schubert and Sweeney, and inconsistent with the Baker—Nathan hypothesis, 
either as originally enunciated or as modified by Shiner.” Support for the steric 
hindrance to solvation argument was also found by Clement and co-workers in the 
solvation energies of benzyl, p-methylbenzyl and p-t-butylbenzyl chlorides in methanol, 
determined from vapor pressures of the pure chlorides and the Henry’s law constants 
in solution.® Earlier, Shiner had found that the Baker—Nathan Effect in the solvolysis 
of p-alkylbenzhydryl chlorides is solvent dependent and concluded that the variations 
in relative rates with solvent composition could be explained in terms of solvent 
assistance to hyperconjugation or steric hindrance to solvation, or both.” 

In view of the above considerations it is the contention of the authors that the 
appearance of the Baker—Nathan Effect in transitions in solution does not constitute 
evidence for a C—H hyperconjugative order of electron release by alkyl substituents. 
If this contention is correct, then C—H hyperconjugation would have to yield in 


importance to stabilization mechanisms in the inductive order, such as the inductive 


effect itself, or internal dispersion forces,’ or C—C hyperconjugation. It is a moot 
question whether hyperconjugation in general (both C—C and C—H) is important, 
although the postulate that it is a major factor seems now to offer no special advantage. 

In connection with the question of the total electron donor effect of alkyl sub- 
stituents, it is interesting to note that there has been a recent tendency among those 
favoring the hyperconjugation viewpoint to de-emphasize the relative importance of 
C—H hyperconjugation and to assign to C—C hyperconjugation an important, 
though generally lesser role. Thus Mulliken, who suggests the term “differential 
hyperconjugation” for use in discussions of the Baker—Nathan Effect, sees “no obvious 
reason” why C—C hyperconjugation “should be radically different in its effectiveness” 
than C—H hyperconjugation.® In fact, Mulliken early made no distinction between 
C—H and C—C hyperconjugation.®’ Perhaps the first to explicitly apply C—C 
hyperconjugation, in a qualitative way, are Berliner and Bondhus, who held that the 
rate of molecular bromination of t-butyl benzene relative to benzene (k,,,,/ky 115 
for “total” bromination at 25°) is too great to be attributable to the inductive effect 
alone and hence must be determined considerably by C—C hyperconjugation.” 
However, as de la Mare has pointed out, this is still a matter of opinion.* Recently, 
varying degrees of effectiveness have been assigned to C—C hyperconjugation, up to a 
ratio of C—C to C—H hyperconjugation of about 0-8.°°.* It is to be emphasized that 
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these “quantitative” estimations are based on rate constants in solution and neglect 


the possible effect of differential solvation on Key /Kypy Tatios. 


ALKYL GROUPS AS APPARENT ELECTRON ACCEPTORS 


|. Jntroduction 
The amount of theorizing and experimental study that has been devoted to the 
influence of alkyl substituents on nucleophilic, i.e. electron rich, centers is much less 


than that given to the influence of alkyl substituents on electrophilic, i.c. electron 


CH,OH 


naing 


ubstituent 
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In the discussions of the deactivating effect of alkyl substituents relative to the 


hydrogen substituent in nucleophilic reactions, a static view point has been taken. That 


is, the alkyl group is treated as a permanent electron donor relative to hydrogen, 
i.e. it is considered as resisting negative charge, and the usual discussions of hyper- 
conjugative vs. inductive electron release are applied 1!-43 In most of these nucleo- 
philic reactions, the rate or equilibrium constant Is slightly smaller for the p-methyl 
than for the p-t-butyl derivative. This has been attributed to hyperconjugation, that is 
to an electron release order governed by C—H hyperconjugative electron release.“ 
There is a certain inconsistency between this argument and that applied to electrophilic 
reactions. For electrophilic reactions, it is maintained that ¢ H hyperconjugative 
electron release release only when the 
electron deman ynjugative 
he electron 

Actually, 


equilibrium 


electron re/easé 


rect potential 
se rate or 
ion or 

Dut two 


reliable 


tituents 
ive ist iken 
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there is no assurance that the very small differences between e rate Po 
constants of the thyl an butyl compound ct differences in the dire 
energy effects of the thyl and t-butyl substituents, or indeed, that tl 
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entropies of reactio Heats and ent ye f act ere dete! ned { 
of the reactions of Table |. but in thes ces the es obtained are nc 
enough to pe it a definite conc t i | ermore, it is not known to 
what extent differenti no ' exc 1) uence the rela- 
tive rates of the n y be a factor is 
evidenced bv the er f the rat rder for , d p-t-butyl compounds in 
the tac hvdrol camnared ta “85°” 
aicono Inthe sence OT acc ) clio of Table | 
it may b premat 10 ttripute tne rat iorium ¢ stant dimterences 
between the p-methy t-butyl comp is t tere es the direct polar efiects 
of the substi it | j LU) | erences 
between the vdrogen tively e difierences 
in the p r effects ol ilkyl and p-hy« ren s titue these instances thoug 
this 1s not altogether cert 
The consideration of Ikvl substitu ts as pe! l nt electron donors relative to 
hydrogen is a manifestation of a prevalent stat iewp t of substituent efiects in 
general: i.e. the electrical influence of substit ts are 1 ted in terms of mesomeric 
" and ind tive etiects ini ag dai won ( ntrid ng t rd the crystallization of a 
static viewpoint of substituent electronic effects has been the assignment t 
of -\ lu ol constanl sign if n ot nst nit miltud | is neg 
as implying permanent net electron release 1 tive to hydrogen and . 
taken as implying permanent electron acceptance 1 yvdrogen. Both 
‘ie Ber r, M. C. Beckett, E. A. Blommers and B. New |, Amer. Chem. Soc. IEEE 
-.B ner and L. H. Alt a 74, 4110 Z LE. Be iL. C. Monack, /bid. 74, 1574 : 
(1952) 
* M.S. Newman and E. K. Easterbrook, J. Amer. Chem. S 77, 3763 (1955) 
| R i<¢ \ 7.171, 301 1953 
ntad by Pric | 1 the r rate constant for the 
ster group) in the transition state; C. C. Price and D. C. Lincoln, J. Amer. Chem. 
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Schubert have questioned such a static viewpoint of substituent effects. They have 


presented evidence that certain substituents may function as either apparent electron 
donors or as apparent electron acceptors relative to hydrogen, at least in certain 
electronic transitions, and were led independently to a consideration of substituent 
effects in terms he “polarizability” of the substituent. Burawoy and Thompson 
proposed that the apparent clectron release by p-halogen substituents in electron 


C apparent electron acceptance by p-halogen 
tronic transitions is determined by the polariza- 
*% Schubert and co-workers suggested that 

by a substituent in a given state can 

the electronegativity diflerence 

led and what will here be labeled 
to a consideration of 

ron demanding transi- 


ansitions.™ 


4A. Weissburger) Part Il p 1163. Inter 


Simpson and C. W. Looney, /bid. 76, 6293 


cicctronic transitions a 
; substituents in electron donating elec 
bility of the electrons to the subst i 
the extent of electron “release or 
be con dered to be atu tron Of Hot 
betwee! substit t and the site 1 
as “substituent-polar ty". 
the effect of para alk i and 
and to the efiect ¢ i substituents on electron donating 
The substituent is viewed up is being capable of being polarized with roughly equal 
ease mm cither at tive sense (clectron “release” by t substituent) or a negative 
' sense (ciectron icceptlance by the substituent) depending on whet r the site to 
which the substit ti tlache< ore or less ctronegative than the ibstituent 
‘ tcl Stitu at SKITts the Question OT the manner: in 
whi ibstut p rized but 1s considered to include either or both direct 
p tion of | ectrons to the subst ent (o and also w-bonds, if any) and : 
Accord ircatl nt of ent eticct terms of “substituent-polariza- 
of ts i Tra evative charge toward the 
suds! nt occul | K I mci re the eflect of p-alkyl 
j nis on il nsity of the p ipal electronic transitions of 
phenol, anisole, a { N.N-dimethylanili Phese transitions, in which the 
i! ction wil erect! vector Of the is in the tong axis of the moieculc can 
B nc 
\ B 
j \ cj B ( P N Y ork 1944) 
M.¢ LR 22. 128 W. M. Schu 
M. 82 WwW. M.S J. M. $2, 
cn ect | tions ma the me if Te ar Oics, 
KI Physical Methods of Organic Chemistry (Edited by aa - 
‘ ce, New York 149 
: P y result re reportec reference 24 
W. T. Simpson, J. Amer. Chem. S 58,9019): 
(1954) 4 
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be crudely represented by equation (1) (see e.g. refs. 52, 53). That the electron migra- 
tion in these transitions is indeed away from the functional group and toward the 
substituent is amply verified by the effects of solvents on the principal electronic 


transition energies of such compounds.” 


purified compounds were made in 
a Beckman DU instrument 

in | cm stoppered 


aesct ibed 


according to 


Model 14 instrument 


ay din/ (2) 
Representative i wink a ‘ | a ot the members of each olf the series 
shown in Fig. |. Each compound 
also exh ‘ w intensity band | vhich has considerable fine structure and 
appears ai 2 idently is tl o-called B band, corresponding to the 
260 mu benzen e pri nal band of nilines and dimethylanilines is 
quite symmetrical ugh overlapped thtly by a lower wa\ eth band, an iS 
probably 
phenols is 
band 


phenols and tl 


values found in the gas pnase a e 3 list a . plained Hi neptane OF 3 


‘ , and g. For comparative purposes, value r p-alkylnitrobenzenes are incl 


uded. 


Dise 


n. Consider fi the observation that p-alkyl substituents 
lower the principal electronic transition energy of phenol, anisole, aniline and di- 


methylaniline (Tables 2 and 3). The lower excitation energy for the p-alkyl compounds 


means that the quantity, I E,,*, is greater than the quantity E, E,, where 


N. S. Bayliss and L. Hulme, Aust hem 1953); N.S. Bayliss and E.G. McRae, J. Phys. Chem. 

58, 1002 (1954) K. Be ier T raude he 5 1068 (1 ) 

Obviou the use single valenc id < for ground ar excited stat merely for conveni 

ence, and the depictions I and are arbitri \ n as perhaps t sing t resentative structures. 

It is understood that polar strt res such as II may also contribute to the ground state, but certainly not 
to the extent as to the excited state 

5G. S. Levinson, W. T. Simpson and W. Curtis, J. Amer. Chem. Soc. 79, 4314 (1957); G. Herzberg, 
Molecular Spectra and Molecular Structure pp 381-383 Van Nostrand, New York (1950) 


> 
(1) 
R 
| 
Z HOCH. NH .N 
Il. Results 
Gas phase spectral measurements on carefully : 
20 cm Aminco quartz ¢ at elevated temperatut 
as previously described ‘*S Measurements in hey 
quartz cells at 25 | Absorption maxima we! 
Values of the transition moment length 7, in hept re ¢ lated 
equation (2) from spectra measured in a Cary ee, 
values ol . are precise to 20-30 cm“, the limits of accuracy of yr, for the 
MEE: anisoles are probably much higher than this. Table 2 lists the », 
nax 
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NMe2 


(40900 


of spectrum 


* Previously reported.” 


H 
4 i O} N 2 
OMe 
| 
Br 
| 
| 
| 
4 
| 
2r 
on 52 SAN 
220 ex 24C 250 260 270 
1, 
Z H Me B NeoP 
OH 18470 16780 46300 45480 
OCH $6510 $5500 45470 14880 
NH $3590 42790 $9970 $2780 
N Me $1360 $1070 
NO 41870 19970 19760 39.490 
\ » deter ned at 80 with results within exper mental 
error of those at 1% 
Spectra rcak ghiy unsymmetrical duc to strong 
OverTiap OY a Vave eng ana 
‘Of doubtful accuracy due to slow change EEE 
with 1 erature 
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TABLE 3. VALUES OF ¥,,,, (CM™"), Emax 10-* AND TRANSITION 
MOMENT LENGTH, g(A), FOR p-RC,H,Z at 25 
IN HEPTANE* 


A nisoles 
t-Bu 
44810 


0-62 


YOUU 


principa 
being ALK 


Previously 


H NeoP 
45330 44270 
é 7°6 11-3 
gq 0-50 0-56 0-64 
Aniline 
42740 $2230 42320 41770 
10 10-7 11-6 
gd 0-66 0-69 0-74 0-77 
N.N-Dimeth } 
‘ 
39490 
, 10 14-9 15-7 16-3 
()-87 | 0-94 
p 
417430 15420 18500 14900 
5-7 5-9 2.4) 
OU s/U ; Lid) 
P 10 1-0 11-7 
g 0-80 8 0-90 0-9 
\ iV so lu ca 
to 
\ of ) | ) of t com- 
pound Ca Mod 14 I 
of tho oO Beck 
V €ma 10 i ive! of two deter! ns, 
dup c eto 2 
\ yuatio 2 re rages Of two deter! tions 
du ta l Cx re! 
Duplicable to 2 ( of area under princip 
arbitrary due to overlap by lowe ve lengt ind 
Except for the p-neopenty rivative, the sp band of th : 
phenols wa quite unsyl! et » stror overiap < ti 
band by a lower wave length banc This prevented g from 
reported. 
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E,,* and E,,.* are the energies of the excited states of the p-hydrogen and p-alky! 
compounds, respectively; and E,, and E, are the energies of the corresponding 
ground states. This implies that the excited state is stabilized through p-alkyl sub- 


stitution, i.e. Ey, E,,” positive and Ey E,, less positive, zero, or negative; for 


if one assumes that the excited state is destabilized by p-alkyl substitution, Le. 


E,,* — E,’* negative, then one is forced to the unlikely conclusion that the much less 
polar ground state is destabilized even more by p-alkyl substitution, Le. Ey ER 
more negative than E,, E,,.*. Since the electron migration in the principal electronic 


transitions of phenol, anisole, aniline and dimethylaniline 1s away from the functional 


group and foward the substituent, i.e. the excited state is electron rich in the region of 


the p-substituent, the results imply further that the p-alkyl substituents are functioning 


as apparent electron acceptors relative to the p-hydrogen substituent in the excited 


state of these transitions 
The “activating” effect of p-alkyl substituents in the principal electronic transition 


of phenol, anisole, aniline and dimethylaniline is inconsistent with the current static 


viewpoint of the electronic effects of alkyl substituents, in which alkyl groups are 


hydrogen and are pictured as 


considered as permanent electron donors relative to 


resisting negative charge, e.g. by hyperconjugation (see e.g refs. 41-43). A possible 


role of alkyl substituents as electron acceptors relative to hydrogen also seems nowhere 


to have received specific theoretical treatment, although Mulliken tn a recent paper 


hat the customary use of a symbolism such as 


has written: “It seems to the writer 


H*CH,--CH—CH,~ and corresponding emphasis on electron release, without any 


mention of an oppositely polarized ionic structure and, especially of the long bond 


iding”™” 


structure H 


>The flexible behavior of the p-alkyl substituents in functioning as apparent electron 
icceptors in the nucleop ¢ principal electronic transition of phenols, etc. and as 
appare ctron donors in el roy electronic transitions such as the principal 
electronic transition of nitrobenze! I etophenone is qualitatively consistent with 
the treatment of substituent effects in terms of “substituent polarizability” and 
substit electro | treat nt can be graphically illustrated as in Fig 


onegativity 


4 in the molecule A:X, where X ’ bstituent. Stabilization energy (positive) 


by the sub- 


( ixnis. The p two substituents of differing 


H and CH., has been 


ide linear. The origin of this plot ts placed at the point of intersection of 


the D-axis with the line for the hydrogen substituent. At this value of D the hydrogen 


pt clectrons, | tl ctronegativity of A and H in 


would neither release nor accept cicctrons, 1.¢ c cic 
H more electronegative than H, 


4-H equal. For positive values of D.1.e. A in A 


H would “release” to A. For negative values of D, ic. A less electronegative than H, 
H would “accept” from A. The slope of the arbitrary line ts inversely related to the 


substituc nt-polarizability” 


to an int nai 


between the 


es. C—CH—CH., may be seriously mi 
Stabilization energy (also | a 
stituent is given to the | AAA 
electronegativity and differ 
% The term “apparent lectron accept | her recos of the possibility that the stabilizing 
‘ ‘ hat dox volve« direct electron exchange 
subdstitucnt and the rest Of ihe Mohcuk 
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The line for methyl has been given a smaller slope than that for hydrogen since 
methyl presumably has the greater “substituent-polarizability”. In placing the 
intersection of the methyl line below the origin, the methyl substituent has been 


assumed to be less electronegative than the hydrogen substituent. This is in accord 
with the electronegativity order assigned by Walsh®’, Moffitt®* and Bent®®. It should be 


D 


-R (accept ) R (release) 


pointed out, however, that in theelectronegativity tables of Pauling*’ and of Mulliken™, 


tetrahedral carbon ts assigned a greater electronegativity than hydrogen, and that this 


order has found more widespread use in the literature. 
Consider now the principal electronic transitions of the phenols, etc. in terms of 
Fig. 2. In the ground state, the demand, D, placed on the p-substituent is neither very 


high nor very low. If, e.g. the demand is at D,®' the ground state would be stabilized 


through electron release in the order CH, > H. In the excited state the value of D is 


A. D. Walsh, Pro roy A 207. 13 (1951 
W. Moffitt, , 74 (1951): ibid. A 202, 534, 548 (1950) 
5° H. A. Bent, J. Chen 32. 1382 (1960) 
* RR. S. Mulliken, J. Chen "hy . 782 (1934): Jhid. 3, 573, 586 (1935) 


*! This is in accordance with an electronegativity order; C*! H > C*?”, for neutral atoms 


a = 
Di 
| 
Os 
Fic. 2. Arbit ! d " tf H and CH ibstituents. The : 
D axis repr j X,t A in 
tr e A: X On t rev 2 
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probably quite low; i.e. the p-substituent is attached to a highly electron rich, electro- 
positive center.” If D is sufficiently low, e.g. at D,, the excited state of the p-methyl 
compound would be stabilized sufficiently over that of the p-hydrogen compound to 


insure a qualitative order of excitation energies CH, H, even if the hydrogen sub- 
stituent were more electronegative than the methyl substituent. Similarly, for the 
principal electronic transition of nitrobenzene or acetophenone, the very high D in the 


excited state (i.c. the p-substituent attached to a highly electron deficient, electro- 


negative center)™ would also insure an excitation energy order CH, < H, even if the 
hydrogen substituent were less electronegative than the methyl substituent. 


With this treatment one could also rationalize why a p-alkyl substituent is “de- 
activating” in ordin: iucleophilic chemical transitions although “activating” in the 
nucleop! gen substituent is indeeed more 


electrone a higher D value (i.e. 


smaller electron deficiency at » p-position in the transition state of the nucleophilic 


ilic electronic transitions)*= could 
For example, if D in the 


Ics 


abilized in the electronega- 


ind state 
the alart 
© ereciro- 


KY! 


; chemical transition as compared to thc NUCICOT 
result in the order, H CH., for the activation ¢ 
transition state is only at D, the transition state would be [I 
tivity orde If D in the tra ion state is below the intersection of the hydrogen and 
methyl lines, the tra tion state wou De stad ed in the substituent polarizability 
order. However ess D is sufficiently low, the 1 sition state would be stabilized : 
less by 1 et relative to the ydrogen substituent than the gt 
(ground state D say at D,) and the activation energies would sul be in 
negat ty der.” Ag er cilectronegativily tor the ydrogen than the al nun 
ent W oe ent wit the tact t il @IKY ubstituents are activating even 
sis } nero. ler fry he wl ] : 
Ss dent The Crit ru ior the nucicopnilic 
eiectl 1S CH t-Bu H tne icthvi and p-t-butvyl 
group ng < parable effects. In heptane (1 eC} ilues of the p-methly 
and p-t-buty! ntal error of cac ther in the phenol and 
aniso rics and ¢ ord CH t-Bu in 1 ne and N,N-di tinyianiiine 
ser sp ) the yl-p- order 1s clearly estab- 
lished only in the a e series, it.also being CH t-Bu 
‘ \F p, to t 
I 
d 
) to 
tro rs tive to oren 
ato 
tak clival rey com 
po d« could be t nit tm ound Stat ty Of the aikyi compound 
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The energy order in electrophilic principal electronic transitions is neoP < t-Bu < 
CH, < H (see Tables 2 and 3 for the previously determined 1 
benzenes). Thus, except for an inversion of the methyl-t-butyl order in some instances, 


max Values for the nitro- 
the effect of p-alkyl substituents on the energies of the nucleophilic electronic transitions 
are qualitatively the same as their effect on the energies of the electrophilic electronic 
transitions. The qualitatively comparable effects of the p-alkyl substituents in the two 
types of transitions is consistent with the naive consideration of substituent effects in 
terms of “substituent-polarizability” and electronegativity, and indeed, the instances 
of the inversion of the methyl-t-butyl order could be rationalized in terms of a slightly 
greater electronegativity for the p-methyl substituent coupled with a slightly greater 


‘ 6o 


substituent-polarizability” for the p-t-butyl substituent. rhe values in heptane of 
the transition moment length g, a quantity determined from the area of the absorption 
band (equation 2) and considered to measure the extent of oscillation of the solute 
dipole during the interaction with the electric vector of the light being absorbed® 
take exactly the same order for the nucleophilic electronic transitions as for the electro- 

philic excitation of nitrobenzene (Table 3). The order of g is neoP > t-Bu > CH, 
H, and is considered to correspond to the order of “substituent-polarizability”’. 
It is a matter of conjecture as to just what specific mecha ns are operative in the 
stabilization by p-alkyl substituents of the attached elect rich site in the excited 
State of phenol, etc ne I at cal » asked is whethe tuent polariza- 
tion occurs through spa interna persion force r the bonding electrons, or 
the bonding 


(both 


n acceptance 


increases 


electronic 


ye acting in 

he same way ; uld an adhering hy arbon solvent molecule”’,”® thus 

helping to stabilize either an electron rich or electron it aromatic ring in the 
excited state 

rhe neopentyl group also appears to be exerting a1 tional stabilizing effect 


‘ 


on the ground state of eth propylene, 


l-butene, isopropylethylene utylethyvlene are identical within experimental 
error (the values are 30-1, 30-3 30-3, and 3 <cal/mole, respectively, 
compared with — 32-8 for ethylene), the heat of hydrogenation of neopentylethylene is 


significantly greater (— 29-5 kcal/mole).” 


*§ 17 CH, is le negative than H, then the t-Bu group (having three x-methyl groups) probably should 
h | tron vat 


* Hyp rco 


Siebold, Jr., J. Org. Chem. 21, 156 (1956), for the use of this tern 


electrons to the substituent might include hyperconjugative electro [il 
C—H and C—C) in addition to includ inductomeric electron acceptance (1.e. 
polarization of tne repre: electrons Detween e substituent and the ring). 
The fact that the p-neopenty! substituent lowers the excitation energy, anG@==— 
the transition moment length, of both nucleophilic and electrophilic —_ 
transitions to a greater extent than either the p-methyl or p-t-butyl substituent is 
nlain col m tern ait] som tamenc ar hunes sat » afer 
LO CADIAIN Civ i LCTITIS OFC an ONTULALIVE etiect, 
or both. An internal dispersion force interaction may be of importance in the total 
effect ot the neopenty! ‘ ibstituent In | Cc lar I] dels a teri n il portion of the + 
~Neonentv! croun in cl to or ide of the ar gine im the 
envi rOUD Is Cid in Ciose al SILIOT one Ol eC ar ATIC win ine 
neighborhood of the p-position, in a particularly favorable position for polarization 
nyperconjugation, see, e.g. F. H, 


R. B. and J. 


M. Scwusert 


ind 3 it is seen that for the parent 


tuted with any partic ular p-alkyl 


INCTCAaSC 


lect 1s rather large 


and N.N-dimethyl- 
ympanying a decrease in 


xcilation cnergy 


supdstitu creasc and the transition omen 
in the order OH, OCH,, NH,, N(CH,),. The functional group effect 
j For example, the difference in excitation energy between phen * 
aniuin fas OT KCa Accon 
excitation cnergy with | ct group chan IS a decrease In (he (Ch 
spread between | vi ind the ilkyl derivatives. For cxample, rv, Von 
in heptane has the value 2 cm" (5°38 kc ) for the phenols and decreases to 
only 340 k e N.N- \ similar paraliclism 
between decrea energy oT parent 4 1and a decreased sensi- 
phe soles and ( s reflected the order of the Ha ett “reaction 
constants, ; 
Ar W. MLS.) 
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BOND LENGTHS IN CYCLIC POLYENES C.,,H., 
A RE-EXAMINATION FROM THE VALENCE-BOND 
POINT OF VIEW 


4. COULSON and W. T. DIxon 
Mathen cal I tute, Oxford 


Abstract 


1. INTRODUCTION 


d and Penney! ma alculations of tl 


€ 1 lengths in 
ilence- 


s (1) the 
iportance 
relation- 
radius ol a 
ading toa 
ut 1-50 
H,, the 


not n alternating 


represent iar bond diagram 
as originally predicted? by 


naive use of simple bond le ilat turns Oo » be a saddle point and nota 


true minimum of t » molecules the alternation of bond length is of 


n ns, if { wre iggest 1 even sli rter value 1-48 


| later papers by the same 


Pr 


169, 413 (193 


215 


‘ 4 
(Reck 16 February 1961) 
a — 1 hc ence-t i reso ce me for] Lic b i lengths in conjugated hydrocarbon 
molecules ber Ne f e f e fundamental 
ex ( \ to t cvc p es 
ul Inclus Dewar structures diminishes 
TWENTY-TWO years 
certain small cor ted molecules (e.g. butadiene and benzene) 
bond (v.b.) method of resonance But since that time practically no further calcula- 
. tion ive beet le wil this apy ‘ ion, and U mm cular-orbital (m.o.) 
method has bee st exclusively adopted. During the last few years, however, 
Sc ral new considerations have b en proposed, leading to subdsta tial changes in our 
opinion wit ra ti ral matters previously regarded a settled | 
influen ot the compr nal energy s now recognised to be of supreme 
im eter! ning cq j bond leneths (2) in any use of an ordet! en 
ship to link bond order with bond lengt it is admitted that the covalent 
] iri nal carbon ator | Ss [nant t of a tetrahedral carbon atom, thus 
displaced order—leneth curve, in which t ( C sin bond leneth®:’ is 
1-51 A: (3) in lor hain nolvenes ( H ind in larve cvclic polvene 
bonds do 
H. I W. G. Penney, 77 35, 835 (1939) 
J. E. rd-Jor P R 158, 280 (1 
R.S.M k ( A. Riek nd W. G. B 1A r. Chem. S 63, 41 (1941) 
‘C. A. ¢ on, Victor Henri M I p. 15. Desoer, I (1948 
( A. Couls« nd 8. I Altmann, 7raz Faraday Soc. 48, 293 (1952) 
* H. J. Bernstein, J. P/ Chem. 63, 565 (195 
7 M.J.S. Dewar and H. N. Schmeising, Terai 
; * H. C. Longuet-Higgins and L. Salem, Moc. Roy. Soc. A 251, 172 (1959) ancy 
authors 
°C. A. Coulson, Proc. Roy. Soc. A EE). 
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the order of 0-04 A. A similar alternation is also predicted’—though with rather 
larger disparity between the shorter and longer bonds, of the order of magnitude 
0-09 A—in the hypothetic bridged ring molecule pentalene C,H, (see 1). 


ferences 8 and 10 were all obtained using the m.o. method, though 
without configuration interaction. It would seem desirable, therefore, to see to what 
extent the pr ns depend on using this method. We have therefore thought it 
worthwhil problems within the v.b. approximation. For 
this purpose uld ve | leasant to be able to use the numerical values of 
exchange and lomb int a tained by Lloyd and Penney', but we have not 
done so, a have preferred vork independently, though in a very similar spirit. 
In the first the calculations of Lloyd and Penney require to be corrected so as to 
ised ¢ C trigonal single-bond radius, referred to in (2) above: 
Lloyd and Penney, in their anxiety to take full account of all 
pear to us (see also refer 5 where further comments are made 
exchange integral equal in magnitude to 7-7 exchange 
sts that this is not very probable, 
ition of the likely contributions to the ex- 
of space When we allow for these two 
»btained for the Coulomb integral O(r) and 

the bond length r. 
re concerned with using certain experimental 
npirical O(r) and J(r) curves. In the second part we 
-bond compressional energy, cyclic 
polygons except for small n (in complete 
1 the critical value of n at which alternation sets 
in cannot predicted accurately, since the Dewar-structures and more highly- 
excited structt als parth weake he strong tendency of the Kekulé 
to induce bond alternat his surprising result differs from the usual 
ince am ekuleé ctures tends to cause equality of bonds: but 
ulation does in fact show that this is not necessarily the case. Finally 
i calculations for the cyclic polyenes C,,,H,, in which 2n 6.8 
and 10, Except in the case of benzene (2n 6) these calculations are only illustrative, 
since neither C,H, nor C,,H,, are planar molecules. But we believe that these calcula- 
tions, all made on the assumption of planarity, are sufficient to illustrate the general 
conclusions obtained earlier. We have also tacitly assumed all the valence angles to be 
120 Apart from benzene, this is manifestly impossible geometrically for small values 
ofn. But it is possible, and probably occurs, for the larger molecules which have been 


isolated experimentally, and which we shall discuss in Sections 3 and 4. 


. P. ¢ den Boer-Veenendaal and D. H. W. den Boer, Mole« Phy s. 4,33 (1961). 
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Bond lengths in cyclic polyenes C,,He, 


2. THE FUNCTIONS Q(r) AND J(r) 


Let us represent the total energy of a z-electron molecule in the form 


-) = Effy, ...) + Efty,..-) + +) 

where 

r,,... are the various bond lengths 

E,, is the total o-bond energy 

E_ is the total z-electron energy 

E__ isthe total exchange energy. 
We shall now make the assumption that either E_, is so small in relation to the other 
terms of (1) that it may be neglected, or else it varies with bond lengths in so similar a 
way to E, that it may be incorporated in this latter function. This seems very reason- 
able, at least for molecules such as those being considered in this paper, for the distri- 
butions of z and of o electrons are effectively uniform. It might, however, be less 
valid if heteroatoms were present, such as in pyridine. Thus (1) is replaced by 


In order to use this formula to determine the Coulomb and exchange integrals Q(r) 
and J(r) we must choose two molecules for which £,,,,, is known experimentally; 
and we must also know the corresponding expressions for E, and E,. If we adopt the 
usual approximations of orthogonality of all atomic orbitals, then the method of 


Pauling" enables us to write for ethylene 


O(r) JA(r), (3) 
and for benzene, when all bonds are equal 


== 6) O(r) 4+- 0°434 J(r) 


In writing (3) and (4) we have made the usual assumption that Q(r) and J(r) are the 


same functions of r for benzene and for ethylene. his implies—at very least—that 


we neglect direct meta- and para-interactions in the benzene ring. If we consider the 
two molecules at the same bond distance r, then :' (r), and so, 
using (3) and (4) 


(r) 0-566 J(r) (5) 


En pirical curves of / (r) for ethylene and }£,,,.)(r) for benzene are drawn in Fig. 1. 
According to (5) their difference enables us to draw the curve of the exchange integral 
J(r). This is also shown in the figure 


In drawing the curves for / (r) we have used Morse functions of the usual form 


Wir) W. (6) 


0 


where the values adopted (which, apart from ry, are identical with those adopted by 
Llovd and Penney) are as shown in Table |. Any alteration in the latent heat of 
sublimation of carbon would affect the values of For purposes of comparison we 
have accepted for our own calculations precisely the same values as Lloyd and Penney. 
hese differ very little from the best modern values, and in such a way as to make only 
very minute changes in the calculated bond lengths. The values of ry in this table are 


11, Pauline. J. Chem. Phys. 1, 280 (1933). For a simple account see ¢ A. Coulson, Valence pp 228-236. 
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now firmly established, and the parameter (a) is dependent upon the fundamental 


breathing frequency of each molecule. It is worth reporting that in some preliminary 


calculations we had tried to avoid the complication of a Morse function, with its 


exponential terms, by using a harmonic oscillator expression }k() r,)- for the energy 


Etha 


of a o-bond. This expression is the one most widely used in m.o. calculations. But 
we found that the resulting J/(r) curve was seriously affected by this, and its use gave 
absurd numerical results for the equilibrium bond lengths of cyclic molecules. We 
therefore abandoned it, with regret. As an indication of the serious dependence of 
J(r) on the choice of a Morse function of F, ,.,)(r) instead of a parabolic law, we show 
in Fig. 2 rough diagrams of J(r) and Q(r) obtained by both techniques. It will be 
noticed at once that the curvature of J(r) is changed in sign. This implies that d?J/dr? 
also changes sign. Now questions of stability of a given set of bond lengths depend on 
the sign of d*E, 4¢,:/dr*. Thus, if J(r) plays any significant part in fixing the equilibrium 


12S. L. Altmann, Proc. Roy. Soc. A 210, 327, 343 (1951). 
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Ethylene 151 2-189 1-34 
: Benzene 124 2-093 1-40 
|e S4 2-028 1-54 
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bond length—as it most clearly does—we can see why we may be led to unacceptable 
positions of stability or instability, if we abandon Morse functions in favour of the 
simpler parabolic ones. All our later work, therefore, will use only the Morse functions 
(6) and the parameters of Table 1. 


° 
Bond length, A 


Fic. 2. Curves showing difference between exchange integral J(r) and Coulomb integral Q(r) 
with use of parabolic or Morse potential functions for ethylene and benzene 
We have still to determine QO(r) and E,(r) where this latter quantity is the o-bond 
energy for a bond of length r, so that 


Equations (2), (3), (4) and (7) allow us to write 


E(r) + O(r) ‘167 — +767 (8) 


We have shown this quantity in Fig. 1. Since it depends only upon equations (2), 
(3), (4) and (6) it is independent of any assumptions that we may make about the 
nature of E(r), other than that the z-o interactions are included in it. 

Table 2, columns 2 and 3, shows the values of J(r) and E,(r) + Q(r), both in 
kcal/mole for various values of r,in A. This is the table of values which we shall use 
in our later numerical work. At this stage it 1s not necessary to separate E{r) and 
Q(r), since in all our applications we shall find that it is their sum which appears. This 
would not be the case if we were considering heteronuclear molecules, and then we 
should find that each was required separately. Simple analytical approximations to 
the functions in Table 2—valid to within 0-020 kcal. in the range 1:34<r 
1-5] are 

J(r) 41-199 121-2(r 1-42) 114-2(r — 1-14)* 


Er) + Or) 105-905 — 39-6(r — 1-42) + 526(r — 1-42)° 


1000(r 1-34\(r 1-42\(r 1-51) 
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roduction 

9 and a in equation (6); 
1 2-028 A! respectively 


Wit! id so determine QO(r). For 


obvious reasons | 


V(r), but in the region 
+4 1-54 A. it may be represented approxin 
25-275 +- 49-97 1-42) — 1-42)" (11) 


The difference between (10) and (11) ts, of course, a representation of E.(r) 


We have now obtained approximate values of J(r), O(r) and E{r) These are ready 


lor application to our cyclic molecules. But before proceeding there is a point to 
consider. In (4) we have used the energy expression for the z-electrons of benzene, 
taking into account Kekule and Dewar structures. It is not immediately obvious that 
we have any right to use this formula—and the implied J/(r)—1n larger molecules, 
where there will also be doubly-excited and more highly excited structures. But we 


shall assume that this is so, and shall try, when dealing with other molecules, to write 
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down the expression for 
Kekulé and first 


structures 


analogous to (4), neglecting all structures other than the 


nes. It is doubtful that inclusion of the more highly-excited 
ct the predicted -bond lenet! 


( sand Stabdilities, th 
known lat r sufficiently | 


large conjugated molecules the more highly-excited 


/ 


it is 


By an entirely sim 


from those previous! 
larger scale than Fig 
inclusion of Dewar structures in 


similar, leading to the view that 


Table 2 also allows a direct comparison of t! 


two approximations 


3. THE CYCLIC POLYENES nLARGI 


Consider the cyclic polyene C,,,H,,, represented for the case of n = 4, by II. We 


are supposing that the molecule is planar. This is known not to be true for cyclo- 


octatetraene (II), but it must be more nearly true for the larger stem 18, 24 
13 See ( A. Coulson, Proc. Roy. Sox 4 207, 91 (1951) 
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and 30 synthesized by Sondheimer, Wolovsky and Gaoni" 
for the moment. that we use only the Kekuleé structures 


for all n, and tl are represented by (a) and (b). We 


Let us suppose also, 
There are just two of these, 
have allowed for possible bond 


alternation by lett: the lengths be alternately 7, and r,. If r, 


as in the 


oOuison 


appropriate to bond 


nant are the lowest root is 
approxin 


(14) 


Thus the delocalization energy, which 1s given by n 


term in (14) actually tends 
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cyclic polyenes 


Bond lengths in 


to zero as n—» oo. In the case where J, = J, the approximation (14) must be replaced 
by 


E,=n|2Q Ue (15) 


x ? ) 


Here again it follows that for sufficiently large n, the delocalization energy tends to 


Thus on the basis of Kekulé structures alone, the larger cyclic polyenes would not 


be expected to be as stable as the smaller ones 


But we can also show that for sufficiently large n, the regular polygon with r; = r, 
is less stable than the alternating one with (say) 1, r,.. To do this we consider 
E, osailT%e), Which is the sum of FE. and E, where E(r,r.) can be found from the 
equations (13), and where E,(ryr,) = nE,(r,) nEAr,). itis obvious from symmetry 
considerations alone that there is a stationary value of the total energy when r, ls 
ind their common value is such that 


ad | Z 
7 4 2 ) 


ffers very little from that appropriate to benzene, though it 
With, 4 


400 for n 3, it becomes 1-403 for n 


reproduce, but which uses the appro- 


priate J(r) and O(r) from Fig. 3, shows that, at these stationary values, £;.;,) 1s an 
ibsolute minimum in the case of benzene, but a saddle point for n 4andn 5 and 
all higher values of n. Thus, using Kekulé structures only, benzene is predicted to be a 
€ ar polygon. but all larger even cyclic molecules should show bond alternation. 

It is not possible to give a similar general demonstration when Dewar structures 
ire included in addition to the Kekulé structures. But (see later) detailed calculation 
of the energy contours for a variety of valu yf and 7 shows that almost certainly 
precisely the same situation obtains. We conclude, therefore, that in the larger cyclic 
polyenes the configuration of greatest stabil one with alternating bond lengths, in 
agreement with the re is ol 1.0. theory But in our v.b. theory the alternation 


appears to set in earlier than in the m.o. t ry. In view of the ipproximations in 
both. such divergencies are not altogether Drisi 

It is worth writing down the expt ion for the total energy. which results from 
solving equations {13) for £_ and then adding / It will be convenient to write é , for 
Otr.). and « for (r.) Then for benzene, where 2n 6, and 


takin 


— Jo)? + 


Once again we see the growing importance of J, — J, as the size of the polyene 


increases 
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4 DETAILED CALCULATIONS FOR 2n , 8, 10 
In more detailed calculations for the smaller molecules of this type, we have 
included both Dewar and lé structures. In the case of benzene, \ 1 Fle 


there are structure ilé structures I1I(a)(b) will have different weights 


but the three Dewar structures, of which III(c) is one example, will all have the same 


This has already beet 


tman equation (3) of tl We have verified 


where 6. 
By choosing various combinations of r, and r, this equation can be solved numerically, 


and (r;,fs) ined. By addition of E.(r,r,) we obtain the total energy 


A typical set of 1 values is shown in Fig. 4. It is at once clear that the equilibrium 
value r, ro s the position of stable equilibrium, though the curve is much 


flatter along the line r, — r, = 2°80 than along the line r, = ry. This is just what we 


> 
. 
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weight. The secular determinant is a 3 Sdeterninant 
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hat thi ry ar | 
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24x 2S, 4S, x (J, Ja) 0 (17) 
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should expect from the known force constants of benzene in the two corresponding 


normal modes B,,, and Aj, respectively. 


In the case of C.Hg, there are 2 Kekulé structures and 8 Dewar structures, which 
divide up as in IV, where we have simplified the diagrams by only representing the 


7-electrons. 


degeneracy 
IV 


The secular determinant is of order 4 4 and the equation for the energy is 
2048x4 — 160(J, + 24(/, — 
28(J, + J, J, J Jo} J.P? — 20F,Jo} = 0 (18) 


where, now 
8x = 40, + 42 (19) 


A check on (18) may be found from the fact that it gives correct values when J, = J, 
and when J, = 0. The significance of (J, — J,)*, which depends on the degree of bond 
alternation, is very clear. 

Fig. 5(a) shows a set of values of E;;(r,,72) for various r, and ry. Along the line 


r, = re we have a minimum energy at r, = /, 1-404 A. But Fig. 5(b), which shows 


the variation of energy along the line AB, where r, +- r, = 2°81 A, suggests that the 


point (1-404, 1-404) is really a saddle point, and the stable configurations are at 


(1-375, 1-435) and (1-435, 1-375). Thus we predict a bond alternation with difference 


0-06 A. This is of the same order as that predicted by Longuet-Higgins and Salem*, 
but rather larger. 
In the case of n 5, there are three types of Dewar structure 


degeneracy 


ill 
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The secular determinant is of order 5 


5 and the equation for the energy eventually 
reduces to 


J," 846/,J.) 


J, 682) J," 
v[1043\J,* +- J," JJ) T1825, J. 3302(/,° 


(J, J) 173007 + 44703, J, 
where 


lOx = (21) 
This equation was checked by putting J, = J,, when it ts divisible by the equation 
derived ab initio 
viz. 


22J)x 444J°x = 0 (20a) 
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The quintics obtained on inserting numerical values for J,, J, were solved by means of 
the Oxford ‘Mercury’ electronic computer, and the energy surface (symmetrical about 
ry r., of course) plotted. (Fig. 6). 


It turns out that there is a much more definite minimum in this case (n 5) than 
in the case n = 4. This occurs at r, = 1°365 A, r. = 1-455 A leading to a difference 


using 


mole 


of 0-09 A in the two bond lengths. From this result, it would appear that bond alterna- 
tion tends to increase with the size of the rings (i.e. when including singly-excited 
structures in the calculation). It seems to us rather unlikely that subsequent addition 
of doubly-excited and higher structures would materially alter this. But it should be 
mentioned that the inclusion of the Dewar structures has led to a distinct change in the 
bond lengths: for a similar calculation using only the two Kekule structures leads to 
bond lengths not greatly different from the values 1-51 and 1-34 A appropriate to 
non-resonating single and double bonds. 

The difference in energy between the unsymmetrical and symmetrical structures 
can be seen, from Fig. 6, to be about 0-2 kcal. This, although quite definite, is not 
large, so that molecules of this kind would show rapid interconversion at room tem- 
perature. Further, since the interconversion motion would be slow at the saddle point, 
an X-ray diagram might easily show an apparently symmetrical appearance. 


5. CONCLUSION 


The discussion just given seems to us to show that in many respects the v.b. 
technique leads to very similar results to the m.o. technique, when applied to cyclic 
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polyenes C, . nall mbe this series will tend to have equal bond lengths, 


but lars finitel ww alternation. With Kekulé structures only it is 
found that beyond 2 her ry litt esonance, so that one of the two struc- 
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mally small for 


repulsion of the unshared pairs causes the bond energy to be abnor 


N—N, O—O, and F—F. He attributed the absence of a similar strong repulsion of 
unshared pairs in P—P, et irge values of the interatomic distance caused by 
repulsion of inner shells did not discuss the triple-bond anomaly described 
above 
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The unshared-pair orbital accompanying three s—p bond orbitals with 7 per cent 
s character has 79 per cent s character and 21 per cent p character. It has no nodal 
cone (which appears first at 25 per cent p character), but has a very small value at 
180° from the direction of its maximum (Fig. 2) 
Let us consider the interactions of the electrons of two atoms A and B that are 


not involved in the A—B bond. For ethane, for example, these are the three electrons 


of carbon atom A that are involved in the ¢ H bonds to the three hydrogen atoms 


aff ~ 
\ 


attached to atom A and the three corresponding electrons for the other carbon atom 
B. Each of the three electrons of atom A interacts with each of the three electrons of 
atom B in such a way as to introduce an exchange integral into the energy expression 
with the coefficient 1/2 (in place of | for two electrons involved in the formation 
of a shared-electron-pair bond) 

These interaction terms are not large, although they are presumably large enough 
to produce the potential maxima of about 3 kcal/mole restricting rotation about the 
C—C bond.' Their magnitude may be estimated from the strength of the two orbitals 
concerned along the bond direction. For a tetrahedral orbital the nodal angle is the 
tetrahedral angle. and hence the strength of the orbital is zero in this direction, and 


the exchange integral and the interaction energy are expected to be small. For 
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ethylene, too, the direction of the double bond lies close to the nodal cone for the two 


carbon orbitals involved in (¢ H bonds and the strength of these orbitals in the 


double-bond direction (122° from the ¢ H direction) is small, so that the interaction 
hese electrons should not change the energy of the C=<=C bond very much. 
viene, however, the two carbon orbitals involved in the C—H bonds have 
nother, as shown in 


their rather large negative lobes pointed directly toward one 


Fig. 2, and hence their interaction should decrease the C=<=C bond energy consider- 
ably 
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of hybrid bond orbital and hybrid unshared-pair orbital for phosphorus as for 
nitrogen, the ratio of unshared-pair repulsion energy to bond energy should be the 
same for P—P as for N—N. If, however, the hybrid character of the phosphorus 
orbitals were different from that of the nitrogen orbitals in such a way as to permit 
the unshared pair to swing farther away from the adjacent bonded atoms, the repulsion 
This difference in hybrid character could involve 


energy would be greatly decreased. 
a larger contribution of the d orbital for phosphorus than for nitrogen; and, indeed, 


a much larger contribution of 3d to the 3s3p hybrid orbitals for phosphorus is to be 
expected than of 3d to 2s2p for nitrogen, because of the far smaller promotion energy 


involved. I doubt that repulsion of inner shells is of much significance in bonds such 


as P—P 
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The combined 


Abstract 


for carbon sp*-sp* single bon 


effect of conjugation 


+} nd for different m 


bond shortening effect of 


attractive van der Waals’ interaction, on the other hand, is always ft 


yund to be sn 


most improbable that this interaction should be he planarity of but 


It seems to be fairly generally recognized 


] 


governed by several factors: electron deloc 


steric effects, etc. Especially for bonds between carbon atoms, t 


iv 


differences should be of minor importance recent paper 


1.1 
to otner nt puodiical 


Nygaard! (see this paper { ‘ferences 


discussed the combi es in 


zation on the length 


he bond 


such molecules, whet 


atomic lent 1 


COVa 


bond. 


hybridization. 


alization, hybridization, ele 


ybridization status and electron 


ind van der Waals’ interaction has been calculated 


fi The 
The 
It seems thus 


tions. 


idiene 


that the distance between bonded atoms is 


‘tronegativity, 
‘tronegativity 

1 Hansen- 
field) have 
delocali- 
| data for 
bridization, 
is values of 


re discussed 


p= single bond, 


angle 
angle), obt 


the two pa 


hor 


a 
distance is essentially determined by 
; Eee adii can be derived. Bak eft a suggest the follo 
single covalent radii of carbon (sp*) 0-7723, r,(sp*) 0-7 
00-7333. In the present note a few data in support of this assignment will _ 
and the combined effect of electron delocalization, Le. conjugation, and steric re- : 
pulsion will be considered 
connecting two electron systems, and of the twist angle around this send. 
B 
|,3-B 18 0 
Biphe 42 
H ene ‘ {) ; 
it has been suggested previously by Adrian’ that experimental values the twist 
ular olecules depend on a minimum of the potential curve (energy vs. 
ined from the combined effect of ¢ gation and steric repuls! between 
HE ris of the molecule, connected by the single ( C bond [he present : 
B. Bak iL. H Ny I. Chem. P 33. 418 (1960) 
"AUR B M. 7 { 12. 1221 (1958) 
A. Als d0.B en, K No. 4 (1958 
‘A.A O. Bastiat P. N. Skanck { 12. 12 $8)- ommuni- 
catior Sk ck 
F. J. Adrian, J. Chem. P 28, 608 (1958 
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this suggestion slightly by considering the combined 


Waals’ interaction. Moreover, it is 
the depth of this potential 
Olecule is twisted 
angular dependence of the 

ation across the single bond 
vestigated 

These 

inter- 

ved a 

iccurate 


between 


Kind of 


v is considerably 


} 
They have 


extreme 


author would like to modify [i 
g amore general van ae 

Sugegecsited U a ion could De found 
: minimum and the length of the bond around wi 
5 In order to find is correlation one musi k 
van der Waals’ interaction and of the energy ol , 
The an der Waa nteraction between molec ! 
and can be comput ecordl tO Gillerent, me 
ect order oO! ivT 
estimate of this effe« ent study only the van der Waals’ interaction Hii 
( 
( 4 0 00 
H 
he 0)? 0 
{). 47 {) 
the hydroge two parts of the molecu as been investigated. In the 
cases | ic iphenyl it 1 jous ly of steric models of these 
cu H re the onlv important ones In the case of 
tor 1 ChIOT DCTW eK tne cardon rings IS 
important. Bec difficulty ) tel lues for this 
I e of the ar dependence « e ¢ ion chery 
more on | giscu aii detail by Adnan who 
de eth is esti 1 the ce bond treatmen He has 

also apy 1 thod in er of molecuk iciudl biphenyl. Furthermore, 

[aie the get nteraction of two c rated systems has been investigated by Longuet- 

Higgin 1 Mur b 1 r orbital method. 

. applica c metho er alia to itadiene and biphenyl, but only to the = 
O=_H RK. \f j lo W ile 
N Y ork 
‘ 


On the nature of bonds between carbon atoms 


cases of either coplanar or perpendicular conjugated systems. On the basis of their 


method the present author has made a rough estimate of the energy in intermediate 


cases. The details of this method and a comparison with Adrian’s method will be 


bad 
lculations will be 


published in a forthcoming paper, where all details of the present ca 


given. The results of these calculations are listed in 
4 few comments should be made on the val able 2 he values of con- 
jugation energy are take! heoretical lculation electri *spectra.® These 


values are not always lance witli njugatik ‘rev values determined more 


directly from empirical data asi butadiene for j nce, the “‘empirical 
value is on ilf as large a T Ici nce, it is! advisable to try to 


find a correlation 1 bond neu 1 pot imu! Values of 


Table 2 only 


cause of the 


for the perpendi 
indica 
planar 

40° se 

benzen 


one These 


the de em 


bond 


Eee. §=Nevertheless, these two quantities are listed together in Table 3. 
TABLE 3 
B 
B enc ) 
190 
Table 2 show n mably that the n der Waals’ interaction cannot be the 
planarity of butadien interaction st the value 
lic it SI tne rl Mi I ver, ible 2 
— ot nrnenias otential hill of the 
ition 1s very Low ) All con tions be een and 
results agree isonably x perimeée y determined twist 
angles of Table | 
The only cor nt that at present « 1 be ide on the values of Table 3 is that 
GEE potential mi 1 correspond to t shorter bond nces and that the 
; EH shortening effect of cor ion seems t e of a i le comparable to that 
of hybridization 


CONJUGATION IN SYSTEMS WITH A TETRAHEDRAL 
ATOM—DIARYLPHOSPHINIC ACIDS 


M. lL. KABACHNIK, T. A. MASTRYUKOVA and \. MELENT’YEVA 
Ihe U.S.S.R. Acade 


m by chain 

rs 7-Bonds 

» the reaction 

ed Irom 

the plane « ) OF CAaMPp thr le hindran which shown in the 
physical properties of tl ibstance lint ocity and equi um constants of 
their chemical reactions I | no yn has ; l nal I the secondary 


Steric clicct 


On Op analysis, the secondar! teri ffect lea ( leviation from the linear 


k 
relationship log ; i vhich is nnected with ; ange in the value of 6 on 


disturbing the njug i the substituent he transmi g ain and the 


reaction centre 
It was found earli n oy ily e int } if a substituent on the 


\ 


strength of acids of phosphorus ol I I a . the 


B OH 
inear relationship p DK o ) various lia was well maintained for 
oxyacids and thioacid phos rus with the 1 t diverse substitt s A and B-- 


except for the case in ich both substituents al are pheny p-tolyl groups ; 
It was shown, in fa hat 0 fora pl \ roup has; ynstant value of 0-481 with 


any second alkyl or substituted 


alkyl, alkoxyl, aroxyl, e hanges t nt ase where the second sub- 


stituent on the phosphorus is also a pheny! 
For the p-tolyl group, the value of 6, —0-602 with any of the substituents enumer- 


ated above, lange U } when two tolyl gre ups are prese it in the molecule 


To explain this phenomenon it was postulated that this change in the value of 0 


for phenyl! and p-tolyl when two such groups are present in the molecule is connected 


\ iP nstver flekt rganiches Ahimi (Steric 
manic try] pp 1-584. Fe ire Pu hing yuse, Moscow (1960) 
Ka / SSSR 110, ) 
Mastryukova, elet eva POV l abachr h. Obshch. Khim. 29, 2178 
(1959) 
M. I. Kabachr ir nipov and Mclent yeva, kad. Nau SSSR 124, 
1061 (1959) 
’M. L. Kabachnik \. Mastyukova, hipov d T. A. Melent’yeva, rahedron 9, 10 (1960). 
* M. I. Kabachnik, loffe and T astryukov: h. Obshch 1 30, 2763 (1960). 
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he coniugation of the z-electrons of the system of aromatic 


ion in the case under consideration 


«il 


ue of 6 for the phenyl 

In diphenylphos- 

ons less lavour- 

must lead to a diminu- 

n degree of disturbance of 


yunts to approximately 20 


the basic m 


with a steric disturbance of (i ae 
sh the P 
rings with the P--O bond 
needs to be specified somewhat more precisely a 
Th il phenome of this type are associated with the steric hindrance of a 
oplanarit' the isturbance of conjugation in purely carbon 
\ \ 
‘ ell } es the planarity of the 
art ‘ 
retains its tetrahed: hybridized d-electron 
tak H the n 7 the pl phorus 
itor ) ith 1 n e ol et e elect! cloud ol 
\ 
P— ¢ ; 
t! P—O | ma anotner intersecting the plane of the 
P—O the 1 el il Or unequal al es 
| vd esters (1 the plane ol 
i | {) \ | \ ric 4 Wat pla 
\ Pe \ 
R 
| On OR tetr 
é of the benzene ring. When the c ration 1s disturbed, t 
: ring must diminish, approachi he value of for alkyl 
phinic acid, one of the phenyl rings (or both) ts present u 
able for conjugation than int monopheny! derivative 
tion in the vaiue ol to some value cha erizing the me 
‘ ‘ ‘ — 
the conjugation Experin ent shows that this change 
per cent of SEEMMBacnitude of 0 
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rhe fact that this change is not connected with the steric hindrance of coplanarity 
is shown by the absence of the effect with a branched alkyl radical (isopropyl or 
cyclopentyl) in place of the second aromatic group; in these cases no deviation from 
the linear relationship pA pky pO is observed when the usual value of 4 for a 
phenyl group is employed (—0-481). It follows from this that the disturbance of the 
conjugation is a phenomenon specific to the simultaneous presence of two aromatic 
(or possibly, in the general case, unsaturated) substituents on the phosphorus. 


[t is of interest to note that when two different aromatic substituents are introduced 


(for example, phenyl and tolyl), good agreement with Hammett’s equation is 


ie use of the values 0 deduced from the symmetrical acids (that is. 


0-592 for the pheny! 


obtained with 


spnorus 


rbance of the 


henomenon considered mus <tremely general for 7-conjugated aromatic 


or unsaturated systems including an atom wi a tetrahedral (or other non-planar) 


distribution of bonds 


sae 
and 0-723 for the tolyl group). 
Ihus, when a second aromatic grouping is attached to the phos iiom, a 
regular change in the value of the constant 4, connected with a ds = 
conjugation, is observed 
Che 


Tetrahedron, 1962, Vol. 17, pp. 243 to 246. Pergamon Press Lid. Printed in Northern Ircland 


REMARKS CONCERNING THE EFFECT OF 
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CC AND CO BONDS 


R. DAUDEI 
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155 Rue de Sévres, Paris 


Abstract—The purpose of this paper is to present, in a simple way, some results recently obtained at 
the “Centre de Mécanique Ondulatoire Appliquee * in studying the effect of environment on CC and 
CO bonds 


RELATION BETWEEN NOTATION AND LENGTH OF AROMATIC CC BONDS 
THe effect of the environment of a bond can be divided into two classes: 
(a) that which comes from nearest neighbours, 
(b) that which comes from other parts of the molecule 
The latter ily important if > molecule contains delocalized bonds, arising 
either from conjugation or hyperconjugation. 
he effects of the neighbourhood of the bond are very often classified as follow: 


Influence of the number and the organization of electrons surrounding the cores 


ol ms bond (roughl 


bond (inductive effect) 
Interaction between non-bonded aton 


Until now it has not been possible to aportion satisfactorily the role of each individual 


effect 

Following Pauling. Mulliken ar thers 1as become ct lar » explain in 
terms of conjugation and hyperconjugatio he various CC bondlength which are 
found in molecules containing deloc 

More recently Dewar and Schmeising ave found th ill evidence for the exist- 
ence of appreciable effects of z-ele 1 resonance in the ground states of conjugated 
and hyperconjugated mol les 1S 1n lusive and that all observed effects can be 
explained as a result of differences in hybridization in carbon oa | orbitals. Mul- 
liken* has discussed Dewar’s arguments and ha ) that if the effect of resonance 
is probably not as great as has been usually 
negligible. 

On the other hand Bartell* believes that the interaction between non-bonded atoms 
(which is the most neglected factor) gives promise of becoming one of the most 
important. He has shown that if a plausible set of potential functions describing 
interactions between non-bonded atoms are used, carbon-carbon bond lengths in 
non-aromatic hydrocarbons can be closely computed without invoking hybridization, 
conjugation or hyperconjugation. 

However, Wilson* has strong objections against this point of view. 

In such a confused situation it has seemed desirable to reconsider the notion of 

M. J. S. Dewar and A. N. Schmeising, Tetrahedron 5, 1959). 
R. S. Mulliken, Tetrahedron 6, 68 (1959 

+L. S. Bartell, J. Chem. Phys. 32, 827 (1960) 

* This symposium: E. B. Wilson, Jr., Tetrahedroi 17, 191 (1962) 
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(2) 
(3) 
| 


R. Daupel 


environment 


14 
“bond tation’’ introduced several years ago” to represent the eclicct 0f 
on the | f an tic CC b It will be perhaps useful to recall that in an 
( i type refers ¢ number o 
| 
1 | is J 55 1 eng t can be 
in 7 1 leviation fron 
\ 
| new ix ins ciated to the same 
set oT | 
The: OT -009 A and shows that the bonds possessing the 
. 110 ule Deing the order! 
ol ivnit Ape! nta certal 
4 S R. Dau R. I bvr ind 
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It is of interest to note that the use of bond notation to predict bond lengths is as 
precise as the calculations based on MO or VB theory. Cruickshank and Sparks’ 
have shown that recent X-ray results for the bond lengths in some alternant hydro- 
carbons agree to about 0-01 A with MO and VB theories 


I re consistent ults of DOnd notauion ght be considered to b i proof of the 


effec ining DO ns in aromatic ! as the 
ion bdetwe and | ngthn is based on resonance 
th 
H r tl \ iv also b nsi l as onl } pirical rule, a 
refi la y la state that the 
( ( H b i leng with increase in the number of 
d 
fa bond onl 
rrorin i 
the 
rbons 
wo te 
lasa 
l ing 
in 
gS. 
As B 
oO ( ) It int 
as 
\\ ore 
mn th 
bh 
| 
‘ 
< 
W. i. ¢ k k j 258. 19 


B j 25, 
1° S. Brat ind S. B | P 56. 555 (1959) 
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It is interesting to point out that the force constant in cyclobutanone has about 


The use of the perturbation 


the same value as that in non-cyclic satu 


yuency is mainly due to the fact 


the adjacent ¢ C bonds is 
the coupling 


is finally 


evidence ol 


jusions olf 


stretching 


irequency 


1960) 


method has clearly shown that the increase of the ireque eso 
a that in cyclobutanone the angle between the C=O and A. | 
betwee! the ¢ and the cent ( yvidrators The change ol 
mal due to a factor and not to an ciectronic onc Again, 
n al pp 
Besna the 
DOT 
iT 
‘ 
The quantitative agreement obtained gives confidence in the final conch 
the authors 1 lists the efiects the 
fume duc to various Kind of environment 
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General Discussion of Questions raised in the Contributed Papers" 


| SHOULD like to make several specific comments in reaction to some of the very inter- 


esting articles in this Paper Symposium Basically, | am in agreement with Bright 


they are. I believe that there 


are a number of big and little reasons which contribute, varying in importance from 
case to case hi kes it difficult to pick out and assign correct weighing to the 


any one individ- 
varied 
st cCau- 


usions 


con- 
idgment 


and 
more 


experimental! 


yperco! 


2) Lide’s paper’ emphasizes clear evi ience for rather large bond length shortenings 
attributable to dative isovalent conjugation, which means partial electron donation 
from a 7 lone pair of a donor group into an unsat rated system. This donor-acceptor 
action is increvalent from the point of view of the donor group (one new 7 bond is 


: 
reali reasons, cither in general OF in Paruicular Cases 

lhe greatest difficulty of all may be that it is almost impossible for 

ual to collect d to keep in view t once the now extremely larg 

mass of bot i p< ent nd theoretica idence, all of which mt 
and critical nd simultaneously evaluated if he ts to reach sensible< 

intimately interwoven. that it is easy to overlook or underempnasize rele 
cont a correct proporti p edtentativeness. Pe s forthe moment 

ne theoretic ‘ tK mucni eased curacy W eip us to see things 

Nevertheless hile I as nm ded about new evidence, both Ei 

and theoret | d rather str ly to the ews I have expressed in two recent 

articie ni These pape \ me te and are not quite 

as clearly stated as one ight Hence | d like here r with other 
comments, to reiterate and try t ‘ rity e of the main p ts made tnere ’ 

(1) I should Kc ipnhasize the imp tance ol gue re ror the ierarchies 
of conjugati and juga ) is deduced trom eitnel aience-Dond OT 
molecular orbital theory, and supported by experimental evidence.’ Namely, 1sov ilent 
CON | U the same 
with NE) Ugation Conjugation efiects in any given Category sno ad De targer 

than hyperconjugatior etiect | CT we a Cative,. oT 
less) non-dative, and dative conjugation or hyperco igation as efiects of diminishing : 

import 

* TI vork was ted by the Office of Naval R irch. 
R. S. Mullik j 253 (1959) 
R. S. Mullik j 6, 68 (1959) 
‘D. R. Lide, Jr., 1 Symposium, p. 125 
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formed) but sacrificial from that of the unsaturated system (one carbon atom gets 


de-bonded tis 


1) 
(3) On the other agreement with others, points out clearly that in 
hydrocarbo In most cases within experimental 
error by asst : 1 covalent sin yr what are usually considered 
to be s I ; I ather reliable 
and very irocarbons if one thinks 
n ectron delocalization. So far, 


only te;r! 


tion 


‘mpirical 


ple bond 


iccepted iS 


imary emphasis 


erecironic 


be ced that ev 1¢ most completely 


on still indispensably involve ‘finitely 
theoretic li Ce : neiy that of che ni bonds TI c above-disc ussed supposedly 
empirical definition of co ration can be stated only in terms of what h ippens when 
and the existence of bonds, 


various juxtapositions of bonds are present ina molecule, 


$O good 
But in terms Of tundament understanding, and of the nterpretation and predic- 
ma of other properties tha 1 lengtl in Open-minded consideration of all the ¥ 
evidence, exper ind theoretical toge el ic es ittic doubt tha r electron 
deloc AC OST ‘ tributions to ot rvea C bond shortenings 
in ted d hyper< tems. My be present judgment is that on 
tl \ ) l ) | | | | il ite | 
the ons WO Ca ire ime oradel 
ana bait Causes |! Ke tridultl iy are dul 
Ani ‘ ) cu tO Gecide Cxpe ent petwee hvybridiza- 
cic ) ) tne ct that the 
two etiect vnerever the double-bond conjugation, 
tnere vic ad or ¢ e-type 
co ‘ furt er these tances, it bec es rathe! 
necess p ¢ ra re nt pr 1ded it is 
puttre I a Dts about 
| We ‘ il ) extended to 
ink % 4 est 1 to age tec compr©re- 
re ted Detween Goudie triple DondS 
ical defir nd concept o ration seems to be safer and historically better 
differe s between co é ( ed systems. Thus, for exami 
characte! ¢c manifestations of co gation. In such a definition, primd@ii 
must, | ver, be p long fate b vior, Si! <cited st re 
must loOweve eT cea on OCUMAVIOT, SITICO CACILOC states are 
many and ried in nature 
Having gone so far, it should nevertheless 
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whether classically or quantum-mechanically conceived, is a theoretical concept. 


Dewar’s concept of conjugation is then apparently no more than  semi- 
empirical. 

Very similar comments are applicable to the concept of hyperconjugation. Al- 
though historically this concept was introduced in a context of theoretical explanation 
with emphasis on electron delocalization, it would seem to be sounder to use the term 
to denote the very real changes in chemical and physical properties which are observed 
to be associated with the presence of methyl or substituted methyl or methylene groups 


close to 7 bonds in unsaturated systems. However, | am not at all convinced that it 
is necessary to abandon the term “hyperconjugation” in favor of a new term “semi- 
conjugation’, as Dewar and Schmeising have recently proposed,* merely because the 
introduction of “hyperconjugation”’ was accompanied by explanations in terms of 
electron delocalization 


The foregoing comments and proposals, m le in the interest of clarity of definition, 


of course do not involve any modification of beliefs as expressed in item (3) 


Concerning the subclassification of conjugation and hyperconjugation into iso- 
valent and sacrificial, and dative, homodative and non-dative categories as mentioned 
in item (1), it may be objected that the adjectives thus introduced are based on theory, 
and thus are inconsistent with the proposal to regard conjugation and hyperconjuga- 


| vw he mntered ifn 
ton as semi-empirical concepts This objection ma be countered as follows. (a) I 


believe that an examination of the empirical pl perties of each of the sub-classes of 


molecules distinguished by the various adiectiv ll show distinctive features, blurred 
or even concealed, to be sure, by extrane factors in the case he weaker types of 


conjugation and especially hyperconjugati ‘ that there are empirically 


distinct sub-classes, names are needed to distir ish them he names adopted have, 
to be Sure, a tneore al Piri. il voe nda SIC | bond 
theory (which had to be assumed in s up a semi-empiri concept conjugation 


or hyperconjugation ‘ making use of t mplest possible, and (in the case of 
jugation 


based on the theory of resonance bet 
na way which ts especia 

to accept all its im 
partial validity « 
useful to distinguish 

from other kinds of 

obtaining better in 

comparison between anil henol: w dative isovalen njugati nitroben- 
zene, with dative rificial conjugation, and p-nitroanilin here again there is dative 
isovalent conjugation.’ That nitrobenzene is in a differen 1 the others seems 


not to be generally re 


: 
5 
; 
| 
+M. J. S. Dewar 1H. N.S ‘ Tet 11, 96 (1960). I tree OF ery stro reserva 
comments. He ver, | she ke to expr ‘ ret I have misinterpret orn ted their : 
earlier paper f. footnotes « p.97 and p. 101 of 1960 paper). In explanation, | ould like to : 
: mention that at t tin I paper was written, I | s t manuscript of t p but was 
rely > on notes | 1 made based on Professor De ir Ss Oral presentation ag disct or t the 1958 
Conference on Hyperconjugation; possibly a subjective elen t may have somewhat colored these notes. 
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(5) Much confusion in the literature has, I believe, been generated by the identifica- 
tion of the concept of hyperconjugation with the Baker—Nathan effect.’ Experiment- 
ally they are different concepts, while in terms of the 7 delocalization theory of hyper- 
conjugation, the Baker—Nathan effect is not hyperconjugation, but may be attributable 
to differences between C—C and C—H hyperconjugation, although other causes may 


be partly or largely responsible The delocalization theory sees no difference in kind 


between C—C and H hyperconjugation, but admits the possibility of quantitative 


differences, experimental evidence on which has been elucidated especially by Taft 
and co-workers 

Historically. the « delocalization theory of what would now be called isovalent 

hyperconjugation was appa! ntly first used in a 1933 paper of mine on twisted ethylene, 

wh ine a i al ne same theor’ to exXan p of what WOU! now be called 

sacrificial hype jugation was early recognized by Wheland, and by Hiickel. The 

same idea also stated b vi he o1 er of Baker and Nathan, but in 

later papers they restricted the idea what is now calle H hyperconjugation, and 

ynjugation to be non-existent 

C and ( H sacrificial 

with the later-pro- 

hyperconjuga- 


H and 


ninant structure 

r the CH group the 

ut in the case of the 

uld be expected to be predominantly fo it instead of 

vitals of F. would be more electronegative than the z 

orbitals of the double bond, opposite to what seems to be true of the quasi-7 orbitals 
ol in the CH 

In my opinion, doubts and questions about the cause or causes of the Baker—Nathan 

effect have no conclusive bearing on the general phenomenon of sacrificial hyper- 

coniugation. On the whole. the Baker—Nathan effect, in harmony with other evidence, 


does seem to support the idea that C-—-H hyperconjugation 1s a stronger effect than 


: 
tion 18 expected to De a relatively weak ciiect, $O (hat ailiere ices Detween 4 | 
C—C sacrificial hyperco ration should thus be st veaker and easily masked (or 
simulate by other eflects, for ¢ nle by solvent effects (Schubert, Shiner). In any 
event, tne e1ocall ton ol yperconjugation does not sc ul ueness 
H atoms as carriers of hyper« nd t experimental evidence of Taft and 
othe ec to be ut 1 theore il expectatior 
| ther ape! Ra} ral Nat refe to their effect as; “new mecha- 
nism of eiectro eieas erect ire e\ COl ered portant characteristic 
and criterion of the effect. H er, electron ! f in essential or important 
feature i the ae tion theory of ordinat riicial) hyperconjugation o1 
co ton int ect It IS ¢ ire litierent [ro aative yperconjugauion oO! 
I 
vnere ciect! rel ressentia 4 iT tcl Lic criterion 
Ihe occurrence of erate amount of electron rek fro CH. group to an un- 
Saturated up y perc ll ttridutable to a somewnatl greater 
electronegativity of the latter than the rmer. For « nple propylene it would 
correspond to a mild predomin e of the resonance structures H C—CH—CH, 
and H ( CH CH, over H C—CH—CtH, and H, ( C-H—C*tHg, 
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C—C hyperconjugation. However, it appears also that the evidence is not very con- 

clusive because of the possibility of other small masking and/or simulating effects. 

\ further point is that the properties of activated states of hyperconjugated systems, 

on which according to rate theory the Baker—Nathan effect usually or often depends, 

may not necessarily always parallel those of the ground state, although there is 

evidence thi ey usually do. A similar but stronger statement is applicable to con- 
jugated 

excited states of hyperconjugated and conjugated molecules, 

ions enter and can often become important. The properties of electron- 

ed states may be expected to differ from state to state and from 


ited nypere 


a basis for val sie new 


yperconjugation. 


In agreement wit terpret 1 “prin pal” nd spectra of molecules of 


the type R iere R is an alkyl g p and X is either a 7 donor group 


ave been called 


7 acceptor gi yup NO.,. as belong 
intramolecular charge-transfe It s rly sure thi nterpretation of 


eoretical study 


parent 


written for the case t 


M.S 
(1956): 


\ 68. 


. one type of conjug@qggionjugated molecule to another. 
(6) The interesting studies of Schubert and collaborators on electronic spectra as 
presented in this Symposium?” and in an earlier papel aflord 
ae. insight into the theoretical understanding of dative conjugation and h_____— 
the “principal” spectra is reasonably correct, although a thorough a ; 
: will be desirable 
their charge-tr ster vectra. 1S directly applicable also to ecules stabilized Dy 
dative conjugation o nerconjugatio Ina i1termolecular charge transfer complex 
I iccules in their gt tates to I ‘ pieX 18 explained Dy tne resonance 
. energy associated f ince between the predo lant 1 bond structure and a 
Smatier am ol e structure | tnere TOLOWS so the necessity fora 
ck t wi the b ul ire is present to a minor extent. A spectroscopic 
I 
tral ion {ro tne i State echa ‘ er state corresponds I e cCharge- 
transfer band. 11 elocalizati theory, tive « ration d of the associated 
harce nefer cnecty tat rol ctahili- 
cnarge-transicti pect! L¢ O1eC i a Lavdill 
I 
zation and spectra ol 7 complexes, except that here the donor acceptor action . 
involves two electron groups aiready bound together Dy a ond, Instead of two 
separate 7- tron 
. In the application of this theory to the molecules R D studied by 
Schubert and associates, where D 1s a 7-donor group, the following sets of resonance ; 
structures I|—I\ re those of most importance o1 terest. for both the ground state and 
the charge-transfer state. (The number of resonance structures in each set Is given in 
P| sis after the formula for a typical member of the set.) The structures are 
Me hat Ris CH,, but if R is another alkyl group, it is to be understood 
6S 
S. Na Phys. 3, 105 152 (1960) Hh. ¢ LOonguel and J. N. Murrell, Proc. Pay 
601, ) 
{ 
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that C is to be substituted for one or more of the H atoms. Further, for vividness of 


illustration, D has been taken as an OR group. Besides I-IV, 


structures which may be of appreciable importance, especially in the charge-transfer 


state. There may be considerable admixtures of other excited-benzene-like structures, 


there are also other 


but probably not enoug! alter the conclusions discussed here, but the essential! points 


of interest here can be made by considering structures I[-IV only 


O'R (3) 


Ill (and IV) relative 


Lure il cannot occul 


<fruct 
se SirUuctures 


to u 


transition from 
o be decreased when R 


vy Scl t an laborators. Thus the 
ri es an entirely reasonable 
and satisiactor what is obser ved b t! 


ul her observation that 
the nature of the alkyl! group R makes relatively little difference in the observed shift 


indicates that dative tsovalent hyperconjugation of the kind here involved is, at least 


‘ 1 
H OR (3 
In IV. the o indicat naired elects or j to a lesser extent) structures with 
H.’ or H ind each cas¢ opposite ro ering. The interaction of struc- 
tures Il is lll w lis d e isovalent 
hyper ( 1\ | cla perco gation as in 
in dative ¢ Or pers transfer 
Ihe relative we f i-1\ the gr 1 st (N) and in the charge-transfer 
state (CT) be est be ly le bt. For vividness, the 
if tital tes Of the tractional amounts of 
the tructure f eno ¢ n to accuracy. Structures | must surely 
itl 
cy 1? 0-7? 0-1? 0-04 
predominate in the nd state 1 structures I the CT state, in agreement with 
reiatl is Slated the paper by pert and ciates. But because the hyper 
co ted struct It] ey cyt Sieh ric hypercor ration is 
hyper-isovalent with Il can be expected to make a considerable contribution in the ‘ 
CT state, and certait rger contribution t in state N. The CT state 
should therefore be considerably stabilized by structures of typ 
to the case where kyl group is present, in which case stru (7 _ 7: 
The gd State, howeve id much icss stad ed DV 
The frequency + of the absorption band correspondu 
N to ( hert ral hand) therefore expected 
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for CT excited states, about equally effective whether it be C—H or C—C hypercon- 
jugation. (The observed detailed differences between R groups will not be discussed 
here.) It does not necessarily follow that the same near-equality must be expected in 
general. Also, the near-equality here should not be taken as contradicting evidence 
that C-—-H hyperconjugation is stronger than C—C hyperconjugation in ground states 
or in reaction rates 

\ similar discussion can be given for Schubert's earlier work on the charge-transfer 


spectra of molecules of the type R NO,. Here again we may consider 


four sets of structures. of types V-VIII, 


Ihe interaction of structures VI with V i ve sacrificial conjugation, hence should 


be weaker than th wit! where the resonance is isovalent. The interaction of 
Vil with V is da sacri ynjugation, that of VIII with V is ordinary sacri- 
hypercon igatio! n following are guesstimates of the weightings 
of V—VIII in the N and Sta he p-alkyl nitrobenzenes. In these molecules, 
structures VIII and VII are Joti perisovalent with VI (a// are sacrificia! relative to 
V), so that the ordinary | | ration structures iid be more prominent 


here thar 1 Ort ponaine il if 1\ whicn are acl ial} t lil for 


molec ules R 


Just as in molecules of type R D, extra structures (here VII and VIII) 


are introduced by the presence of the p-alkyl group, and these must unquestionably 


be much more Imp rtant for the CT than for the N state. so that tl e former should 


be stabilized more than the latter. and 1 for the CT «— N absorption process should 
again be decreased, just as has been observed by Schubert and collaborators 

It is seen that the z-electron delocalization theory of hyperconjugation, as approxi- 
mated here in terms of resonance structures gives a straightforward and unambiguous 
explanation of the lowering of the frequency of the charge-transfer band by p-alkyl 
substituents in both donor-group-substituted and acceptor-substituted benzenes 


As has already been stressed in Comment (5), the z-electron delocalization theory 


~ 
in 
253 
. 
0 
H N 4) N (3) 
9 
a H N N 6) 
wil I 
\ Vi Vil Vill 
0-95 0-0 0-0] OO! 
CT 0-03 0-60 0-15 024 
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of ordinary sacrificial hyperconjugatio 
toluene or t-butylbenzen il al 
\ ‘gual Dut 


In toluenc 
present in nearly eq 


1 does not require the methyl or other alkyl 


ly either a quasi-7 electron 


group (as e.g 
donor of a cK ept | B SU i! 

pe tructure i hat 
‘ms to dicate 
Ikyl gt (or 


is ( oulson 


Coulson 


B. P 


tion vaiuc 


at least of the methyl group) does predominate somewhat. (At the same time, these 
groups rec e ciect! cha fairly strong DY tne ict route.) 
Structures Ill Vil n ( resm ely ith If and VI) show alkyl 3 
7roup ct ciectro!l ccepto! gd as ciectri aol in dative- 
hyper e re ture n appre port ein 
Stat ‘ ‘ tne out tn 
nvype;©rc cirect e1tne tne 
aol r acceptor! str y emp 
( nel a D.R.] 
Dr | me the hy ty change carbon nds 
CA. 
One of the most disturbing features of this very interesting paper is the observation 
, 
excellently, yet for CH iCDimCH nd CD,), they differ by ; imount between 
MLA tca he the or ence. W ch is of the order of 
magnitude of one sical a uc urtner, is ine ic- 
larecr than the spectros pic one, when the following argument would 


Discussion 255 


lead us to expect the opposite? The spectroscopic bond length is based on moments 
of inertia, and therefore is determined almost entirely by the nuclei. We may say that 
this gives a very reliable length (suitably averaged, of course!) for the internuclear 
distance. The electron diffraction value involves both nucleus and charge-cloud. So 

; the nucleus is concerned, the agreement with spectroscopic measurements should 


lly be almost perfect But so far as the charge-cloud is concerned, we should 


expect small differences depending on the lack of spherical symmetry in the electron 
density around an aton n the case of the H and D atoms, conventional valence 


leads us to suppose that any char ations that may take place as a result 


formation of a molecule, will be such a attract arge into the region 
| 4 lL. 
This would be expected t > the appearance of a shorter bond 


one. Dr. StoichetTl has been ver eful not to offer any “expla- 


1ation”’ of the efi s which he has logu and analysed. Does he have any 


> unexpected situation for CH bonds in methane just described ? 


B. P. Stoicheff 


ynments by C. A. Coulson 


THe discrepancy to which lson refer pl y interpreted by 


as arising 


averages 
in the two methods » above authors have 


uted corrections liliract } ectroscopic Va DY assuming 


nodified anharmoni rey—Bradley rce field) which result in similar calculated 


lues of the ¢ junit 
rhe e nied ‘le undoubtedlv present would perhap 
ine erect lie undoubtedly present WOUIC perhaps 
be expected to prod ily a small difference in apparent bond lengths. Unfortun- 
ately the experime! tial functions of polyatomic 
n under- 


molecules are t imited to look {fk 


lengths | 


nding the difference between diffi 


it would be very usefu btain I lif tion d atomic mole- 


for comparison W he ne spectrosco 


D. R. Lide 


Dr. SToicuerr has raised a questio! the stance in an States 
A J. Chen 1S] 0)] might be in error by as much 
11 


smal 


ly distinguished 
“ar a principa 
ir a principal 


axis for rather accidenta 1.e : of an approximate balancing of the 


other masses in the molecule). As an independent check one may calculate the z co- 


ordinate of the off-axis carbons from the first-moment relation; the change in the 
C—C distance is completely trivial (specifically 0-0004 A) 
There is strong evidence. then, that the r. value of the C—C distance in both iso- 


butane and propane is very near 1-526 A. The distance in ethane is much less certain. 


| 
theory 
of the 
betwee 
rather t 
comments to make on 
Bartell, Kuchitsu and De Neu (refe 
ove! the 7eTO-point vibe TIONS inheret 
CO 
believe 
B. P Stoichef} 
there is no reason to suspect an error of this magnitude. Since almost three-quarters 
of the total m f the molecule is in the plane of the off-axis carbons, this plane must 
necessarily lie close to the center of mass. This type of ecule is clear] 
from a case 4 ac nronviene. where the central carbon atom lies 1 
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The values of | i $39 A obtained from infrared and rotational Raman 
spectra, respectiy le 1 agree as well as they should. Furthermore, these are 


mixed r, and r, values, and it has been pointed out that the true r, distance might be 
as much as 0-008 A lower Thus there is no clear evidence at this time fora discrepancy 
between the ethane and propane isobutane values yl fluoride should be excluded 
completely from these comparisons. Here the location of the central carbon atom 


could not be expel I ital determined. and it was arbitrarily assigned a co-ordinate 


of zero. The resulting ¢ listance could be tn error by as much as 0-02 A 


B. P. Stoicheff 


1 AM grateful to Dr : ng out the difficulty in the determination of the 
C—C bond length in ethyl f ide:*= a calculation shows the uncertainty in this value 
to be about 0-010 to 0-020 A and therefore this bond le hould be deleted from 
Table 3 

The source of this fluoride structure™ illustrates my point 
that the ¢ C bond length in butane may be slightly longer than the quoted value 
of 1-525 A. In ethyl fluoride it is found that the moment of inertia decreases by 0-0064 
a.m.u. A* when '*C is substituted for C in the near-axis position. This anomaly is of 
course a consequence of zero-point vibrations. There is no reason to expect a smaller 
effect when substitution is made on a C atom no matter what its position in a molecule 
Thus if we assume a similar decrease in the moment of inertia in propylene* the r 
coordinate for the central C atom becomes 0-112 A rather than 0-081 A and is in good 


agreement with the preferred value « f 0-106 A obtained from the first moment equa- 


ffect in isobutane leads to a (¢ coordinate of 


0-126 A instead of 0-102 A and results in a C—C bond length of 1-532 A Unfor- 


tunately, the ev idence from the first moment equation isnot completely convine ing here 


tion.’ A similar zero point vibration ¢ 


because of the assumptions regarding the internal as well as the axial symmetry of 
three CH, groups. In conclusion it may be said that the C—C bond lengths in ethane 
and isobutane are somewhat uncertain but the uncertainties are such as to bring both 


closer together 


A. Coulson 


Comments on paper by O. Bastiansen and M. Traetteberg 


(1) I SHOULD like to ask Professor Bastiansen whether he can give any reason why the 


~ 


“single” bond in cycloéctatetraene should be 0-021 A shorter than in butadiene. It is 


hard to avoid the conclusion that some sort of resonance is operative in the ring mole- 


cule, not equally operative in the chain 

(2) Professor Bastiansen has raised the important question of the possible existence 
of attractive (as well as repulsive) forces between non-bonded atoms such as the halo- 
gens in 2,2’-dihalobiphenyls. It may be worth mentioning that in force-constants 
analysis of the vibrations of several molecules, notably the group V trihydrides, 
indications of such attractive forces have sometimes been found. If this is indeed the 
case with the ortho-biphenyls then the total potential energy curve as a function of the 


> 
Re; R. Lide 
: 
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angle @ of twist of the two halves, measured from zero in the cis-form may sometimes 
be as shown in the diagram. Here: 
curve | is the resonance energy curve 


curve is the steric repulsion curve 


3 


curve 3 is the dispersion (7?) attractive force, 


with its minimum in the cis-position. 


The final curve 4 shows minima at some fairly small value of 6, and also at 4 


But they are not of equal height. 
QO. Bastiansen 


Reply to comments by C. A. Coulson 


| AM afraid I cannot give a good explanation for the mentioned difference in bond 
distance. I agree with Professor Coulson that it ts difficult to avoid the conclusion 
that some sort of resonance characteristic for the ring molecule must take place. As 
stated in our article the effect may perhaps be related to the cyclic form of cycloécta- 
tetraene that might favor p-electron delocalization This “cyclic” resonance effect 
must be so large as to over-compensate for the loss in resonance due to the less effective 


p-electron overlap in cycloéctatetraene compared to that in butadiene. 


W. M. Schubert 


Comments on paper by O. Bastiansen and M. Traetteberg 


(1) Tue finding that the 2,2’-halobiphenyls prefer a near cis instead of a near trans 
conformation is a convincing case for the operation of a dispersion force (i.e. van der 
Waals attractive force). However, it is not clear whether the main attractive force is 
between an ortho-halogen and the 7-system of the attached ring (attraction presumably 
at a maximum for a 90° interplanar angle) or between ortho-halogens, although prob- 
ably the latter. If the latter, the increase in interplanar angle in the order | Cl 

Br <I would speak for an important underlying van der Waals repulsion. 

(2) Does the statement to the effect that the planar frans-form of 2,2’-bipyridyl 
should be free of steric strain (also appearing in the paper by Cruickshank) take into 


) 


account the unshared electron pair on each nitrogen? i.e. what is the van der Waals 


repulsion radius of the N: as compared to aromatic C H? 


Q. Bastiansen 


Reply to comments by W. M. Schubert 


IN the case of the 2,2’-dihalobiphenyls, we believe the halogen—halogen interaction to 


be responsible for the near cis conformation. It is no doubt correct to include the 
interaction between the halogen atoms and the 7-system of the attached ring; though 
this interaction is probably less important than the halogen—halogen interaction as 
also stated by Schubert. 

Schubert's question on the 2,2’-bipyridyl is indeed a justified one In our paper, 
we were considering the kind of steric hindrance that occurs in the biphenyl derivatives 
where a planar molecule has to suffer a severe steric strain. What we wanted to express 
was the fact that the interaction between the two ortho-hydrogen atoms is effective 
only in the cis region. In the other possible conformations of the molecule, other 


4 
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effects, such as resonance, should be expected to be predominant Comparing the two 


effects to be expected in the frans region, namely resonance and hydrogen-—nitrogen 


interaction, our electron diffraction data seem to demonstrate that the resonance 
energy is not large enough to keep the molecule in the planarform. A possible hydrogen 
nitrogen repulsion seems in other wor > Of greater importance in the /rans 
region conformatio1 a ce ie hydroge trogen distance in the planar 


in det Wa ils 


Ldiene 1s 
left with 

Is written 

two nor teracting double bonds ' then the z-elect ; on atoms 2 and 
would be pa o other z-electrons (on | and pec - and there would then be 
the usual repulsion between nor -paired elect whicl iid tend to destroy planar- 
ity. Indeed several years ago now. J. Guy | cad. S« Paris 223, 85 (1946)] 
showed that this structure, which is merely the conventional Kekule structure for 
butadiene, would not be planar. since the repulsion of these z-electrons would tend to 
rotate the two halves relative to each other around the 2—3 bond. This effect is well 
known for H,O, and N,H,, where of course there are two lone-pair electrons on each 


atom. Even if the argument Is not now so strong as it seemed in 1946, it ts still true 


. 
distance. Without a closer stu of the effect, it 1 to decide in which angle 
region the an der val is which, if an it 1s 
rep ive As pic cic Ca TENUIsSio in the 
am indeed er 1) pert cst ihe pomt we 
wanted to stre the esol ce real] le e, may 
have bee lost as the eflect of our misleading stat ent It would no doubt be an a 4! 
interest try Caiculate the pote energy as nection of the 
C. A. Coulson 
( papel D. W. J. Cru han 
. CRUICKSHANK has shown t simple MO theories es pretty good results 
ior most Dor ic But there are residual discrepancies with experiment. It may 
I 
be mentione that Dr A. Golebiewsky and the writer. in some work in course of 
puodiica e shown, us quite s pie 1dcas OFT Sc consistence, that allowing 
for the variation of the resonanc« tegral vith bond length, and by including the Peet, 
etiect of the under ; bond, the discrepancies can be considerably reduced In the 
case Of Dutadiene, wi t De regarded as one oO! the Ost severe tests Of al theory, 
since the disparity between the s ri and DondS Is greater thanint molecules 
> 
the theory of Golebiewsky and Coulson reduces the average error from about 0-03 A 
} n } he } } ‘ 
to about 0-0! A. This value se ; to be about the best that can be achieved, with 
theory or experiment, at the moment 
C. A. Coulson 
OH Pauper D J Varais, \ Shep) Gid B Stoiche 
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that without some form of conjugation across the central bond it remains rather 
difficult to understand the high planar stability of butadiene. In present-day views, 
what is the origin of this stability, if it is not some measure of conjugation? 

Is it unreasonable to accept something like the value 1-515 A. for the pure sp*—sp* 
o-bond, as in Bastiansen’s paper, applicable to hexaphenylbenzene? If so, there is a 


shortening of 1-515—1-476—0-04 A. in this central bond. 


4. Coulson 
Comments on paper by L. Oleari 
IT is at first sight surprising that the single-configurati ingle-center wave function 
of Oleari gives so good an energy: and yet the much more complex wave function of 
Saturno and Parr [/. Chem. Phys. 33, 22 (1960)] on which the paper by Turner et a/ 
is based, does not improve it 1 as one would ve hoped. I believe that the 
trouble lies essentially in tl ition around tl i aton For there is a singu- 
larity in the Hamiltonian at these points, and so, in the language used by Roothaan 
and Weiss [ Re Vod. Phys. 32, 194 (1960)] at los and haan [Re Mod. Phys 
32, 205 (1960)], there will be certat nditions to be satisfied by the correct wave- 
function. It may be shown, in general terms, that at each nucleus where any one elec- 
tron experiences a nuclear charge Ze, the wave function for any one electron must 


satisfy the condition 


where the left-hand side denotes the mean value of the outward gradient of wy over the 


surface of a small sphere surrounding the nucleus f there is spherical symmetry, 
then of course 0w/ér is independent of angular dire _and we reach the condition 


easily verified 


It is exceedingly difficult to represent a function which has ; tinuity of slope at 
some given point in terms of functions based ¢ ome other po as origin. Thus it 
is to be expected that a large number of te will be needed t al with this singularity 
alone, quite independently of any electron f tion el which we know will be 
important. Precisel) ituat has been carefully vestis it Cohen and 
the writer | Proc. Ca j oc. 57, 96 vhere, in the case , using a 
single-centre model, the effec f is ucing more and more terms 1n a trial wave 
function showed itself almos yvina ser approximation near the nuclei It 
seems reasonable to hope, tl ore, th if the con nele-centre type of 


expansion for methane could | ipplemented by a single term that would allow for 
the discontinuity in grad y, and more nearly satisfy the cusp condition, considerable 
improvement in the wave function might be obtained fairly easily. Such a term could 
be 

é 
where r, . . . r, denotes distances from the four protons. The cusp condition would be 
that 


y (VU); 


where y (0) is the value of y at a proton. 


ZY, 
hydrogenic orbitals: 
ny 
or 
(cA = 
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C. A. Coulson 
Comments on paper by L. S. Bartell 

QUITE irrespective of whether or not we agree with the particular application of his 
ideas to the difference between carbon—carbon bonds of varying hybridization, there 
is no doubt that Bartell ts right in drawing attention to the importance of non-bonded 
interactions. These may be either attractive or repulsive, with repulsive forces usually 
predominating. The origin of these forces, in any but the simplest pseudo-atomic 


systems, is exceedingly complex. Thus in the ortho-dichloro-benzene molecule. there 


will be chlorine-chlorine forces of the following Kinds 


Cl 


yn between effective net charges 


iwle bond. 
each separate chlorine atom, 


ired to each other in the two 


lle 
and smaller 


bond 


some of these forces e been investigated by Stocker and myself ((¢ 4. Coulson 
Chemical Society. Kekule 


nteraction more than 


on inv complet« ut cal separ n of the total interaction into contribu- 


tio a Lis sCC t present quit mpracticable It is my impression that the 


study of these force ciweel n-bonded atoms iv well play a dominant role in 


qualitatively 
consistent with the decrease in ( © bond length with a decrease in the number of 
substitue tne two carpor atoms Hoy evel the hvbrnidization hypothesis of 


( 


Dewar and Schmeising seems to more simply accommodate the observation that ( 
et! cr the carbons can be 


mpeicd tect! cal irigona digona Bart argument that there is a close 
Dalance ol p } } lerable repulsive forces between substituents attached 


to the s ¢ tetranedcral (or trigonal) carbon atom ts used to account for ( C shorten- 


\ } Cc eT rey ions, and aiso answers othe»r 
quest that could be raised Although Bartell’s calculations based on intermole- 
cular van der Waals force laws may indicate there is a balance of repulsive forces, it 


iS Nevertheless difficult to imagine why this should be so. i.e. what are the underlying 
theoret reasons why, ¢.g. in the variation of say one of the substituents on a 


tetrahedral or trigonal carbon, the bond length of the varving substituent (of discrete 


: 
260 
on the two chiorines. 
(li) attraction Gue to resonance with structures show ; 
(11) Overlap repulsion between the charge-clouds of 
(iv) Gispersion forces attraction detwee ihe chiorines 
CHiorines 
(vi) interactions due to dipoles a er multipoles in the C—ii7 yy 
contributions from more remot nort ule 
Symposium, London, 1958: Butterworths Scientific Publication) 
| But the series of contributions (i)(vi) counts certain types of ‘, 
W. M. Schubert 
of 
Comments on paper by L. S. Bartell 
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length for any tetrahedral, trigonal or digonal carbon-substituent), the bond angles, 
and possibly the bond lengths to the remaining fixed substituents (but not for carbon- 
substituents), should so adjust as to maintain such a balance? 

The interesting relief of strain explanation offered for the /-deuterium kinetic iso- 
tope effects found by Lewis and by Shiner in solvolysis reactions appears offhand to 
contradict the balance of repulsion forces argument. That is, the isotope effect is 
attributed to an imbalance of repulsive forces between isotopic species in the tetrahed- 
ral ground state and in the transition state, which is on the way to becoming tetra- 
hedral. It is true that only a small imbalance of repulsive forces need be required to 
account for the small AH+ differences between the isotopic compounds. But if the 
imbalance created by a considerable substituent change (e.g. hydrogen to chlorine) is 
supposed to be small, then a change in substituent from hydrogen to deuterium must 


create an extremely small imbalance of repulsive forces 


L. S. Bartell 
Reply to comments by W. Schubert 


[He points raised by Dr. Schubert emphasize the need for consideration of the magni- 


tudes of effects involved. His reservations center chiefly upon the forces between X 


and Y groups in —X In reply, it may be said that no such rigid balance is 


required of the non-bonded model as Schubert implies. The C—X bond length and 
energy may very well vary somewhat with the nature of Y as well as with the number 
of repulsions. Brief conjectures about this were made in my paper but the documenta- 
tion of such variations is very meager. Even the principal variations treated in the 
paper are not much larger than common experimental errors 

\ rationalization of the approximate balance (i.e. the relative insensitivity of 
xX Y interactions to the nature of Y)is given in my comments on Professor W ilson’s 
paper. No detailed readjustments of bond lengths and angles of the sort envisioned 
by Dr. Schubert are required. Several observations suggest that the balance ts not 
exact. If isomerization energies of paraffin hydrocarbons are non-bonded in nature, 
our model requires (\ Van 2V,.,) to be about 1-3 kcal/mole. Bond angles 
imply similar imbalances 

Asarule X Y forces seem to be of the order of 0-1 md, X Y potential energies 
of the order of 3 kcal/mole, and ¢ Y force constants, perhaps a few md A. Imbal- 
ances of several hundredths md should not seriously invalidate the essence of the 


simple model Ihe imbalance involved in the /-deuterium isotope effect, which 


appeared to Schubert to contradict our hypothesis, 1s actually only about 0-001 md, 


and consequently, of no concern in the broad picture This small distinction between 


CH,...Y and CD,. . .Y forces, which is predicted by the non-bonded model, is never- 
theless sufficient to account roughly for the observed isotope effect. The difference 
between the presence of a CH, group and its complete absence, as essentially occurs 
in the comparison of (CH,),CH—C and CH,CH—C, represents a change in C. . .C 
interactions one hundredfold greater. It was this type of change with which the 


present work was primarily concerned 
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ion-bonded 


S. Bartell 


nterest to 


| see them 


oO larkedly 


works no better than the naive 


The balance of repulsions 


be rationalized in terms of 


der Wa: lj not chaotically scattered but rather 


"s relation, coupled with the usual empiri- 


ded interactions, suggests a considerable compensation 


for variati n atom ize of substituents. Larger atoms are associated with corre- 
spondingly larger nonbonded distances in the carbon environments of most concern to 
us. It is fair to admit, however, that the literature dealing with steric interactions is 


inadequate to settle the exact amount of compensation. Point (c) of Professor Wilson 


: In conclusion, it is fair to remark that the main value of the simplc EEE ge 
cil re roeti att it iws to the p ma ituce of the 
tthatt ind that the bond and 
HO NH (CH rt the ret us, evel 
ine 
tt exper | itrices 
tt tom si HI 
( E.R n. Ji 
Proressor W! that f ster fluence njugation, and hy- 
ort 4 tri | i? | Hy ait tne bstract 
that te ny tc ‘ pn to al icast as 
agi 
nm rtue of the “steric t ry (or, as | regard it, the hypothesis that 
nira a tera ns | wl y the ime force laWSs as are 
' ascrib to the counter parts) 1s that it correlates, semi-quantitatively, 
a wide variety of |} eflect in extremely simple way. It is as yet far from rigor- 
Cal onstration tne ty of the Ypot I heref re it is of 
examine Professor Wi ts a st the model. They are, as a: 
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is almost surely truc. as he has shown so beautifully in his recent research, but this 
implies no incompatibility the steric model. The repulsions | invoke are an order 
illy. the 


of magnitude 


WITH regard to two of Wilson’s argun 
ipolate 


firstly, a 

to C—C bonds in which ‘“‘unshared”’ electron pairs ¢ nvolved, as nicely pointed 
out in the paper by Lide; secondly, wa ypotl yt lire that C—H 
bond distances vary with hybridizatio1 stances. In fact, 
a smaller variation in ¢ H bond distances consistent with 
H than C bond energ vat are required in the Dewar 
f butadiene, In that connection, 


the smaller variation in (¢ 


ers 


hypothesis to account for the stabilization 
a smaller variation in the C—H bond energy with hybridization could be due in part 


to the electronegativity of hydrogen being greater than that of tetrahedral carbon. In 
H bond energies from tetrahedral to 


that event, that part of the changes in the C 
trigonal to digonal carbon that are due to changes in Pauling-like A values would be 


excessive oversimplifications ol the models in point (d) render any very subdDtie com- 
parisons inconc e. | hard sphere’ mode introduce rig lly simply to 
point t that it pre les an alternative description to the well-k1 f ynstant-angle 
served as rief intro n to the | of intramolecular interactions, it was dis- : 
rc er fa wr of if re ble force law 
Ihe spectr st leal { it yvdr nositions (they 
ire not yneint ' yect') and error ral degre re not Ow Accord- 
in noorn f fit with | irog fa model. On 
| Additional evidence that steric effects influence bond angles has been presented by 
A. |. Kitaigorodsk! (A ract G. S. Ill 2, Federov S yn on Crystallography, 
Leningrad. U.S.S.R. M 25. 1959) Kit oO! cessfully correlated riations 
in bond angles in a lar ver of ¢ inic olec l ded ial 
functions similar to those I invoke Als contrary to the first pression of many 
chemists with regard to the pi ible direction of steric eflects, the fact that the 
( ( C butane | i! but than that in propane 
D. E. Lid 33, 1514 nted for teric model 
ind 1 resently considered potent f tlor L.S. Bartell, J. 32, 82 
cid lair qu tive predaicuiol oO! es 
Ihe present OnDO IS Sl ect l CI CIS ead 
vet insufficient to warrant rejecting the basic idea 
W. M. Schubert 
Comments on paper by E. B. Wilson, Jr. 


264 Ropert S. MULLIKEN 


smaller than considered by Mulliken [Tetrahedron 6, 68 (1959)] who used electro- 


negativity order: tetrahedral carbon hydrogen 


G. L. Caldow and C. A. Coulson 


ymments on paper by L. Pauling 


IN connection with Pauling’s discussion of the repulsive effects of lone-pair electrons 
on the bond ecul like to report some recent calculations! 
which we ave made {ik i hal n diatomic molecules, and which are concerned 


with si tle t! seq ucnee ( bond energies (see Table 1) 


sanomalous. We have 
that this anomalous 
e exchange term 


written in the conventional 


it may be transformed 


(1) 


where 7 may be called* the effective exchange integral. or bond integral. and S is the 


overlap integral > bond energy is 
(2) 


where Q, the Coulomb energy, is given by 


With a many-electron homonuclear molecule, simple generalizations of (1) and (2) 
are necessary. The Coulomb energy QO now takes the form 

n) + 1, 2n) — Yall... 2) 


(3) 


here are somewhat similar expressions for J, 1) and S, though J now includes repulsive 


''G. L. Caldow and (¢ 4. Coulson, in course of publication 


* S. Fraga and R. S. Mulliken, Rev. Mod. Phys. 32, 254 (1960) 


Comments ===. 
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made some rud¢ icnce-t na ca ULATIONS WHICH Sec tos 
sequence arises {ro the term rather than from t 
If the energy of a two-electron homonuclear molecule is 
way 
0) j 
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exchange interactions between non-paired orbitals, as well as attractive ones between 
the paired ones. In (3) y, and yw, are the leading diagonal terms in each separate 
determinantal atomic wave function. Thus in the evaluation of Q we have the mutual 
repulsion of the two separate atomic charge-clouds, together with the attraction of 
each charge-cloud for the other nucleus, modified of course by the mutual repulsion 
of the two nuclei. If there is substantial penetration of one charge-cloud by the other, 
then the attraction terms (which result essentially from the fact that electrons are being 
pulled towards two nuclei rather than one) may outweigh the repulsions. This is 
precisely what we have found 

Thus, assuming pure p o-bonds, and using Slater orbitals with no hybridization, 
we find the QO-values shown in the table. These are all of such a sign as to contribute 
positively to the binding energy. What seems to us to be interesting here is that this 
sequence of Q-values is the same sequence as that of the experimental binding energies, 
and indeed if we suppose that the difference between the two is due entirely to the 
effective exchange integral term corresponding to 7//(1 S*) in (1), then we obtain 
the smooth set of values shown in the last row of the table. There is now no anomaly 
in the case of F, 

It would be nice to be able similarly to calculate the effective exchange terms and 
verify this variation of 7. But not only are these terms more difficult mathematically, 
they are also more strongly dependent on the assumed form of the orbitals, and the 
extent of hybridization 

Insofar as our present calculations are significant, they suggest that in many- 
electron molecules, the generalized Coulomb integral may be dominant in determining 
the variation of bond energy in a related series of molecules. In the case of the halo- 
gens, the low value of Q(F,) is to be associated with the fact, often pointed out by 
earlier workers, that the size of the valence-shell orbitals is smaller than would be 
expected on the basis of an entrapolation fron the other members of the series. Asa 
result there is less penetration, and less electrostatic attraction. Our conclusions differ 


somewhat from those for N, in Pauling’s paper: for it seems that Pauling pays no 


attention to Q, and throws all the responsibility for bonding on to the exchange terms. 


In many cases, of course, Q and J will be expected to vary similarly. Further calcula- 
tions of both quantities for other molecules will be needed to settle precisely which is 
normally the more important 


L. S. Bartell 


Comment on paper by Inga Fischer-Hjalmars 
SOME time ago, in a study of isotope effects, | made calculations on bipheny! similar 
to those by Miss Fischer-Hjalmars. Since | used the nonbonded interaction potentials 
[J. Chem. Phys. 32, 827 (1960)] referred to in my present paper rather than Hills’ 
potentials [J. Chem. Phys. 16, 399 (1948), it may be of some interest to compare results 
to illustrate the range of error introduced by our ignorance of the precise form of the 
potentials. Calculations were made assuming undeformed benzene-like rings with an 
inter-ring conjugation energy represented by V, cos* #, a function quite similar to that 
adopted by Miss Fischer-Hjalmars. If V, was taken to be 4 kcal/mole, the equilibrium 
twist angle, using only H. . .H interactions, was found to be about 39° (cf. the experi- 
mental value of 42 10°). The enhancement of repulsions by zero-point vibrations 
was found to increase the angle by an additional | or 2 degrees (the enhancement for 


—— 
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the deuterated species was half a degree smaller). When C. . .H forces were included 


the angle opened up to about 42°. The equilibrium twist angle was relatively insensitive 


to V,, varying by only 5° when V, varied by 50 [he potential hill of the planar 


conformation was a ech higher than that of Miss Fischer-Hjalmars, being several 


‘leving distortions of bond angles 


potentials involving hydrogens 


ler Waals packing diameter 


ial function. This seems 
matter, my own potentials 
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